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ABSTRACT 


The present research study was conducted to compare electrophysio- 
logical recordings of the left and right cerebral hemispheres of elemen- 
tary school children who received lower scores on a reading achievement 
test with those who received higher scores on the same test. The purpose 
was to see if a relationship exists between electrophysiological record- 
ings of the human cerebral cortex and proficiency in reading for children 
aged 9 and 12 years old. The major focus of the study was on assessment 
and not on either etiology or remediation. Accordingly, the EEG technique 
WaS-USe0" tosdeétermine if children having difficulty in learning to read 
would display a different pattern of electrophysiological activity during 


cognitive tasks as compared to normal readers. 


The final sample was composed of 14 Grade 3 and 14 Grade 6 students 
from two Edmonton Public schools. In order to include some students who 
had reading problems, only classes which provided remedial reading for a 
portion of the students (resource room program) were considered. The 
sample included 9 males and 5 females in Grade 3 (average age of 9.1 years 
old) and 11 males and 3 females in Grade 6 (average age of 12.0 years 
old). For each grade level, the sample was divided into two equal groups 
on the basis of Edmonton Public School District Reading Achievement Test 
scores. Students who received a score below the median score on the 
reading test were defined as "low readers" and students who received a 
reading test score above the median score were defined as high readers. 
Thus, there were 7 low and 7 high readers for each grade level. In addi- 
tion, the Slosson Intelligence Test was administered to the 28 subjects 


to determine the ability level of each group. 


The experimental apparatus was an EEG measuring device connected to 
an Apple If microcomputer (Biocomp 2001). Electrodes filled with conduc— 
tive paste were placed over the left and right cerebral hemispheres on 
the skull of each subject. Subjects were then asked to orally read a 
passage, copy nonmeaningful designs, and rest during which time their 


EEGs were recorded and stored by the computer. EEG epochs lasting 90 
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seconds each were recorded twice for each task over each cerebral hemi- 
sphere. Hence, four recordings were collected for each task -- two over 
each hemisphere. The experimental procedures for each subject lasted 


about 60 minutes. 


The statistical ANOVA technique was used to analyze the data. Accord- 
ingly, group (low and high readers) by hemisphere (left and right) by task 
(reading, drawing, resting) ANOVA's with repeated measures on hemispheres 
and tasks were calculated for the study. In addition, the Scheffe' mul- 
tiple comparison technique was used for making a posteriori tests on the 


individual means. 


Results were discussed in terms of the cerebral asymmetry displayed 
by each reading group at each grade level. In general, it was found that 
there was no difference between the low and high reading groups with 
respect to cerebral asymmetry. This was found at both grade levels. 
Therefore, results from the study do not support the notion that poor 
readers suffer from a lack of hemispheric specialization. However, it 
Was Loud ~thate Grade \srehvidren “engaged=or “activated therz Lett hemispheres 
more than their right hemispheres. This finding was attributed to the 
Over=emphasis on analytic=-sequential ‘tasks in the elementary school Set-— 
ting. Also, it was found that poor readers at the Grade 6 level acti- 
vated their cerebral hemispheres more than good readers in Grade 6. It 
Was Suggested that this latter finding was a result of the greater ditfi- 


culty poor readers may have had in completing the cognitive tasks. 
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INTRODUCTION 
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INTRODUCTION 


An eminent topic in the research literature on reading problems is 
that of cerebral function and dysfunction. To wit, a number of recent 
publications specifically examine the relationship between neuropsychol- 
ogy and learning or reading disorders (Benton and Pearl, 1978; Gaddes, 
1980; Knights and Bakker, 1976; Pirozzolo, 1979; Tarnopol and Tarnopol, 
1977). A motivating force behind investigations on the neuropsychology of 
learning/reading disorders is the hope that a clear understanding of cere- 
bral function/dysfunction will lead to useful remedial methods. Although 
such an-undertaking has’ begun, it is°Still in’ its °infancy. Spreen (1976) 


states the ‘following on this matter: 


I think we should be modest in our attempt at building a neuropsychol- 
ogy of learning disorders. We are building a theoretical model of 
brain functioning that tries to encompass the normal and the abnormal 
learner. The model should contribute to our understanding of the nor- 
mal learning process and it should have pragmatic value, eventually 
resulting in proven remedies based on that theory (p. 447). 


A very strong contention proposed here is simple but appropriate -- a clear 
understanding of brain structure and function is a necessary prerequisite to 
and corequisite Of remedial strategies based on psychophysiological/neuro- 
psychological properties. The modest proposal suggested here is that a 
clear understanding of brain structure and function has not yet been 
achieved and, therefore, physiologically based remedial strategies for 
reading problems are more appropriately situated in the research labora- 
tory than in the reading clinic. Justification for the above statement 


will become obvious throughout the present study. 


The purpose of the present study is to compare the cerebral organiza- 
tion of younger and older children at two levels of reading achievement 
auring cognitive challenges. A number of terms used in the above state-— 
ment of purpose need to be operationally defined. Cerebral organization 
is defined as differential involvement of the two cerebral hemispheres 


during higher mentation. For the purpose of the present study, cerebral 
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organization is ascertained by electrophysiological recordings (EEG) 
measured in amplitude from the posterior regions of each cerebral hemis- 
phere. Younger children are aged 8 to 10 years old and older children 

are ll to 13 years old. The two levels of reading achievement (low and 
high) are determined on the basis of a group reading achievement 

test (decoding and comprehension). Low readers are those achieving below 
the median on such a test and high readers are those achieving above the 
median;relative to children of the same age. Finally, cognitive chal- 
lenges are reading orally and drawing nonmeaningful designs, In short, the 
major purpose here is to determine if the differential pattern of EEG 
amplitude for low readers differs from that of high readers during read- 
ing and drawing tasks. The differential pattern of EEG amplitude is an 
operational method of determining hemispheric specialization of cerebral 
asymmetry of function (i.e. greater activation during one task than another 


on the same hemisphere). Hemispheric specialization will be explained later. 


Prior to presenting a rationale for the study, it is important to note 
what is not being proposed. The purpose of the forthcoming research study 


ILS? WINE, ASE 


ale define reading disability, 
Ze propose an etiology of reading disability, 


a Suggest a unitary remedy for reading disability on the basis of 
known psychophysiological properties, and 


4. generalize findings to populations of good and poor readers. 


Clearly, the above proposals are beyond the scope of the present purpose. 
A single definition, etiology, and remedy are probably inappropriate re- 


gardless of the study. 


The rationale for the study lies in the area of assessment. One con- 
tribution of medical and computer sciences to the field of education is a 
new technology for assessing children with reading problems. As will be 


discussed in Chapter II (review of literature and research), a number of 
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medical researchers are combining their knowledge of brain structure/ 
function with computer technologists and using computerized EEG devices 
to assess the cerebral organization of children with reading problems. 
the 2eason £or conducting the present study then rests on the belief that 
such contributions are valuable for the field of education, that existing 
researen on brain-penavion relationships on) poom readers rests Onvempiri-— 
cal knowledge about human neuropsychology, and that more research is 
required in this field. At bottom, education and, in particular, Special 
education can be greatly enhanced by seriously considering research in 
the fields of neuroanatomy, neuropsychology, neurophysiology, psycho- 
physiology, and electrophysiology. Suffice it to say that the present 
study is an attempt to learn from some of the disciplines mentioned above. 


Herein lies its rationale. 


OVERVIEW 


The general problem of interest here is that there are children who 
despite normal ability, adequate instruction, intact senses, and neuro- 
logical integrity have difficulty in learning to read. In addition, new 
approaches to assessment seem to be warranted (see Coles, 1978). The 
present study will attempt to address these problems by considering an 
area which may be thought of as the intersection between the research 
areas of special education, neuropsychology and reading. In so doing, it 
is necessary to briefly summarize some information in the fields of neuro- 


psychology and reading. 
Neuropsychology and the Processing of Language 


The following publications-provide the "novice" with excellent intro- 
Guctions to brain structure and function: Dimond, 1972; Gaddes, 1980; 
Hecacheahoen tober IO/Sen Luria, Loo oCteCntLatlc Ameriecan,. £979. larnope. 
and Tarnopol, 1977 (Chapter 1); Walsh, 1978; Whitaker, 1971; and Wittrock, 
1977. The intention here.is not to summarize the information presented in 
the above publications but rather to highlight just a few areas which per=- 
tain to the forthcoming study. First a number of terms will be de- 

‘fined and then some comments on the structure and function of the human 
brain will po lown Finally, three conclusions about the "double brain" 


madevoy,-Dimoncus( 1972 awl leconc lude this sectionpot the dantroduction : 


Talbot (1977) compiled a glossary of terms which appear at the end 
Sfawiterock. Subook,: Lie nUmManmoraime (Dp. los s— .2OV nun PeCrucinent CeLini= 


tions are as follows: 


Broca’s area. An area, an the himan tCrontal’ cortex of che Vere, hemis-— 
phere that has been closely related to both syntactic and phonemic 
aspects of language function. 


Corpus Callosum. A massive compact bundle of axons connecting the 
right and left cerebral cortices. ... The corpus callosum thus allows 
the two halves of the cerebral cortex to communicate directly with 
one another. 
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Frontal lobe. The most anterior lobe of the cerebral cortex encased 
in large part by the forehead and temples. This region contains the 
motor area of the cerebral cortex. 


Neuron. The nerve cell; the basic functional unit of the nervous 
system. 


Occipital lobe. The lobe of the cerebral cortex directly behind the 
parietal and temporal lobes and adjacent to the skull along the low- 
er, back position of the head. This region consists largely of the 
area OL the cerebral cortex most directly Bn receipt of visual 
(light) information. 


Parietalplobpe. The cerebral certical lobe directly behind the fron- 
tal lobe and immediately above the posterior end of the temporal 
lobe. This region contains the area of the cerebral cortex most di- 
rectly in receipt of sensory information from the skin and muscles: 
touch, pressure, position sense, etc. 


Splenium. The large posterior expansion of the corpus callosum 
through which the visual and auditory areas in one-half of the cer- 
ebral cortex communicate directly with the visual and auditory areas 
in the other half of the cerebral cortex, respectively. 


temporal lobe. “he lowest Tying lobe ofpehe cerebral cortex, loca- 
ted below the frontal and parietal lobes and adjacent to that por- 
tion of the skull just above the ears. This region contains the 
area of the cerebral cortex that receives auditory information most 
directly. 


Wernicke's area. An area in the left cerebral hemisphere near the 
border between the temporal and parietal lobes, critical to language 
comprehension. 


The diagramsaby Whitakermes(Figure l and’ 2) display some of the areas de- 


fined above. 


ae taza va jAvwisaes SH. $8 sald ait. adel «is a0 
—<wit siz aa 2 ce ee qigoatie Ge 2eqes Lerogns em 
aA? 3o BL, «Bia Std 5h sa 

isupé¥ rer parent Mo erty ral is 


nglrmussoame | 


onera mid feuded 4139 pent! ha readeiey 4a7  .® 
texceged wis 20 “Sr ye tee, tak | iieteibsctes Fy 
ate seem Madtte [issao ails Fa ile, ott Sntcrndo oneness etl - 


,eniauape fica Mine alte ites? ee isamnro: nr \vWiesize +¢ Ser) ye= ad vioses 
Hig (Sense aviddeag .Fabter ay] aut? 


eiaeiinc ady tee Ont, $2. netedey ayizesate “eneet sar eS 
«een afte Lo Damen a bh S435. yutaes Fas ievety, aris. 45iitw 
oners (eer sun Hive bei ary iitiw ahaa aistlgiwe’ witiGs Seva 7 


shee Lttceyes i . 945205 ies | - 263 90 Sled tecto et os 

A 
put anes Carita gt to acuh Stet) cop) ene at Le - 
<teq ted G!  eeowebs cae endo! Letes ag me ia Sica alt wv 


eit Shinty Gyigut(ast? «pedo ais brads dent ‘j042 sca. 90 eek = 


cece eon hese! a esrlaoyy 364" wa-too le) ceee aA? 86 6aae , 
vies i 


a fed stages pevtoser {eho | i srk wit J ee 
specpaal of iencéise sei!’ istenisy Ins ip taguss gtr ineaws 7 - 
so (sree 
no 


=ab xeate 442024 amor qeteert (2 ope | say) 7) radsaiaw yt otewpesk eat 


e 


Figure 1 


Left Hemisphere Language Areas 


(From Whitaker, 1971) 
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Coronal Section Through Heschl's Gyrus 


Figure 2 


oT) 


(From Whitaker, 


The relationship between cerebral structure (neuroanatomy) and func- 
tion (neurophysiology) has been a controversial issue throughout the his- 
tory of neuropsychology. Historically, two extreme positions have been 


proposed (Hecaen and Albert, 1978): 


die Localization: there exists an isomorphic relationship between 
a particular cerebral structural area and a particular mental 
aeCLy ney : 

Ze Wholistic: there is no specific structure which can account 


for a particular mental function; rather, various cerebral 
areas work together. 


Duke LUG eye RUSSLan Neuropsycnologist, .oLlersnoney SOluEiOn) tos thissicon— 
CHoversy om Chewbasis of hus work with brain-injured patients. Luria (1973) 
conceptualizes brain function as "..... organized.in systems: of concertedly 
working zones, each of which performs its role in a complex functional 
Systeme .06 yee te eCOeS SUC geSratpata thes bradne tUuncL 1 OnSmaccomas ng 

to themVaw ore diminished speciticity. "To explain, according to Luria 
tnere sare, Chrecsrunceionalsunitsvor the prainwe lathe Una tetor, requlat— 
ing tone or arousal (Subcortex and brain stem); 2) the unit for receiv- 
Lng, analyzing, and storing Gniormation (cccipital, “temponal, and parietal 
lobes); and 3) the unit for programming, regulating, and verifying men- 
tal activity (frontal and pre-frontal lobes). Moreover, as conceptualized 
by Luria, each unit is organized or arranged in a hierarchical structure, 
depending on the engaged cognitive activity, from primary (information 
reception) to secondary (information processing and retrieval) to tertiary 
or overlapping zones (information association and integration). The law 
Sf diminished specificity posits that the greatest Structural specifzicicy 
is present for primary zones and the least specificity is present for the 
tertiary zones. Therefore, both of the two extreme positions may 

be correct depending on the zone and/or level of cognitive activity. On 
this matter, Hecaen and Albert (1978) would add that the "... complex 
interrelations among cortical neurons do not negate the concept of func- 
tional localization. ... Each cerebral zone may contain diverse function-= 


al potentialities while remaining primarily responsible for certain specific 
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behavioral skills (p. 404)." This short discussion of a very complicated 
issue does not solve the problem but, hopefully, will permit one to con- 
Sloe cerebralecorrelates of linguistic activity which ds the next topic 


FOmnmcusSecuSsstomn. 


In discussing the processing of linguistic stimuli, cerebral struc- 
ture and function come together. Geschwind (1979) clearly explains this 


process: 


Linguistic competence requires the cooperation of several areas of 
the cortex. When a word is heard, the sensation from the ears is 
received by the primary auditory cortex, but the word cannot be 
understood until the signal has been processed in Wernicke's area 
nearby. If the word is to be spoken, some representation of it is 
thought to be transmitted from Wernicke's area to Broca's area, 
through a bundle of nerve fibers called the arcuate fasciculus. 

In Broca'’s area the word evokes a detailed program for articulation, 
which is supplied to the face area of the motor cortex. The motor 
cortex in turn drives the muscles of the lips, the tongue, the 

larynx and so on. When a written word is read, the sensation is 
first registered by the primary visual cortex. It is then thought to 
be relayed to the angular gyrus, which associates the visual form of 
the word with the corresponding auditory pattern in Wernicke's area. 
Speaking the word then draws on the same systems of neurons as before 
Gere aesiag 


See figures 3 and 4 for Geschwind's diagrams of the neural structures 
involved in processing language. Of course, the entire process is far 


more complicated than that presented here since subcortical areas (e.g. 


thalamus) are also involved. 
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Figure 3 Neural Structures Involved in Speaking a Heard Word 


(From Geschwind, 1979) 
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Figure 4 Neural Structures Involved in Speaking a Written Word 


(From Geschwind, 1979) 
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Finally; three conclusions by Dimond’) (1972) about “the “double brain" 
will serve as an introduction to the topic of hemispheric specialization 
or cerebral asymmetry which is a major topic of the present study. In 
his book, The Double Brain, Dimond reviews and discusses studies of 
brain lesions in humans and animals, studies of hemispherectomies and 
sections of the corpus callosum, and studies of normal human behavior. 


On the basis of this evidence, Dimond suggests the following: 


From thesé "sources Vit) is tpossible ste draw three overall conclusions. 
The first is that the two-brain interpretation is valid both for 

the nervous system of man and for that of lower animals. Secondly, 
that the bilateral arrangement allows the total productive capacity 
of the brain to be increased. Thirdly, that the hemispheres do not 
WOrK in an all or none fashion, but take part in a highly integrated 
fusion of functions which is mediated largely by the transporting 
aceon Ofetehercorpus, callosum s(p. 193). 


These conclusions are crucial to the forthcoming study. The final section 
of the introductory chapter will overview some preliminary information on 


reading. 


The Reading Process 


The purpose here is mot to propose a precise model for the acquisi-— 
Gion of reading but rather to suggest a possible perspective on che, tearn— 
ing to read process. The perspective suggested here is developmental -- 
reac nog 1s a,process. According, co Smith (1973)  zeacing is ess a macter, 
SL excraccing sound from print stoan Of bringing meaning COeprinGa( pp. 2). 
The view taken here is that bringing meaning to print is a goal or aim of 
reading which is more pronounced in later reading stages than in early 
stages of reading. That is, the task of comprehending written script is 
certainly germane to the entire learning to read process but it is more 
active dusing the "tluent”™ reading stage. Reading then is conceptualized 
as being an aspect of cognitive growth which parallels, and may contribute 
to, cognitive development. Such ideas are generated by Paul Satz's theory 


on developmental dyslexia (discussed in Chapter II). 
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In learning to read then,various skills and cognitive processes are 
required. Calfee (1977) suggests that the range of skills directly relat- 
ed to the acquisition of reading are (pp. 295 - 296): 


A visual perception of letter strings, 
auditory-phonetic analysis of spoken words, 
letter-sound correspondences, 


association of a letter string with a lexical mode in memory, and 


Ca es Gs hk 


, a variety of comprehension skills. 


Perhaps these subskills follow a developmental sequence as reading is ac- 


quired. According to Gibson (1970): 


Once a child begins his progression from spoken language to written 
language, there are, I think, three phases of learning to be consid- 
ered. They present three different kinds of learning tasks, and 

they are roughly sequential, though there must be considerable over- 
lapping. These three phases are: learning to differentiate graphic 
symbols; learning to decode letters to sounds ("map" the letter into 
sounds); and using progressively high-order units of structure (p. 317). 


The sequence in learning to read may follow the sequence in language acqui- 


sition -- phonology, morphology, syntax (see McLean and Snyder-McLean, 
1978). Or it may parallel overall cognitive development -- enactive, 
Leonie, and symbolic representation (see Bruner, 1965). Lf stage theories 


of cognitive development (Piaget, Bruner) are accepted then it may make 
sense to consider learning to read as a development process. This 


is the perspective proposed here. 
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REVIEW OF THE LITERATURE AND RESEARCH 
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HEMISPHERIC SPECIALIZATION OF THE HUMAN CEREBRAL CORTEX 


The first section of the present review is largely devoted to empirical 
studies of normal human subjects. First, morphological or structural prop- 
erties of the cerebral cortex will be reviewed. Next, functional properties 
on information processing of the brain will be discussed. Accordingly, A 
model of hemispheric specialization will be presented. Finally, various 
theories regarding the age of onset of hemispheric specialization will be 
presented. The purpose of this section of the review will be to examine 
hemispheric specialization of normal subjects in order to set the ground- 
work or background for information pertaining to subjects having difficulty 


in learning to read. 


The next section will be largely devoted to describing deficits associ- 
ated with reading difficulty. And the final section of the review will deal 
with the relationship between reading difficulty and hemispheric special- 
ization. The review is to provide a rationale for conducting neurophysio- 
logical research on children whos have difficulty in learning to read: A 
presentation of hypotheses which are to be empirically tested for the 


present study will conclude the review of literature and research. 
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Structural Asymmetry of the Human Brain 
Two questions regarding structural asymmetry of the human brain are: 


Le Is the left hemisphere morphologically different from the 
Biggie pari, 


2s How should this possible structural difference be interp- 
reted or understood? 


The major reason for investigating structural cerebral asymmetry is to 


propose a basis for differentiation. That is, if the two hemispheres are 


shown to be structurally different then one might infer that they function 


differently, as well. 


Several researchers have concluded on the basis of their studies 
that the two cerebral hemispheres are structurally different. Geschwind 
and Levitsky (1968) performed postmortem examinations on 100 adult human 
brains which were free of significant pathology. They found that the 
planum temporale (the area behind Heschl's gyrus in the temporal lobe) 
was larger on the left hemisphere in 65% of the brains and it was larger 
on the right hemisphere in only 11%. Further, the left planum was, on 
the average, one-third longer than the right planum. Geschwind and 
Levitsky 2973) state Ehatu.. the planum temporale contains audicony 
association cortex which extends on to the lateral surface of the poster- 
1OLeDOLeLOn OteLue. EIrSt Temporalmcynus., INese-reclons Of paucditory 
association cortex on the left constitute the classical Wernicke's area, 
a region known from anatomical findings in aphasiac patients and from 
stimulation studies during neurosurgical procedures to be of major impor- 


tance: in language, functionse(p.. 187)... 


Postmortem examinations of 16 adult and 14 infant brains were con- 
ducted by Witelsen and Pallie (1973). The left planum temporale was 
found to be larger in both neonate and adult brains. They conclude 


imsyohey Since the asymmetry occurs in an area of relevance to language 
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function and in the direction compatible with known functional asymmetry 
for language, the anatomical data have considerable behavioral implica- 
tions (p. 644)." Regarding planum asymmetry, similar results were ob- 
tained by Wada, Clarke, and Hamm (1975) who examined the brains of 100 
adults and 100 infants. Galaburda et al. (1978) report about a study 

that found the volume of the left temporoparietal cortex to be seven times 
larger than the right. They also report on studies which found the follow- 


ing morphological asymmetries: 


i the leftt.occipital loberis.wider than the right, 
Dee the left Sylvian fissure is longer than the right, and 
34 thesright frontal, lobe-is, wider than-the jeft. 


Moreover, these findings were more striking for right-handed subjects. 


Ratcliff et al. (1980) conducted an experiment in which they selected 
files of patients "... who had had bilateral angiograms and whose speech 
representation had been clearly established as left, right, or bilateral 
Ofelia yl0asi Ss), OLeSOdlUMp aMmyCalecests..... -a(DeeoO). wn Liecotal mthneirescampic 
consisted of 59 patients (39 with left-hemisphere speech, 11 with bilateral 
speech, and 9 with right-hemisphere speech). Ratcliff and his colleagues 
found greater asymmetry in the posterior sylvian region of patients with 
left-hemispheric speech representation than in patients with atypical 
cerebral dominance for speech. However, they suggest that there are three 


problems with equating morphological asymmetry with functional asymmetry: 


de structural asymmetry has been found in areas outside the poster- 
ior Sylvian region where functional significance of the asymmetry 
boelLess clear. 


Z2¢ the percentage of brains showing typical posterior Sylvian 
asymmetry, averaged across studies, is about 73% which is lower 
than one would expect for left-hemisphere dominance for speech, and 
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3 6 only 30% of left-handed subjects show typical asymmetry (i.e. 
similar to right-handed subjects with left-hemispheric speech 
representation)’ and this figure should be closer to 60% (p. 89). 


Evidence contrary to the above findings exists in research literature. 
Rubens (1977) reports on a study conducted by himself and others which 
found that the retrosylvian parietal region including the angular gyrus 


is smaller on the left side. He states: 


-.. the smaller left angular gyrus goes against the theory that 
language dominance of the left hemisphere is based on its superior- 
ity to make cross-modal associations and that this superiority 

‘ occurs by virtue of the greater development of the left angular 
epecivicn fen, whee. 


According to Rubens, more definitive cytoarchitectural and gross morpho- 
logical studies which correlate with functional studies are necessary. 
Whitaker and Ojemann (1977) highlight studies which found that Heschel's 
gyrus, Broca's aréa, and the superior temporal gyrus are longer in the 
right hemisphere than in the left. These areas are also involved in the 
Processing of Linguistics inrormation. —invaddition,. the right hemisphere | 
has been found to be heavier than the left. Concerning findings on the 
morphological asymmetry of the planum temporale, Whitaker and Ojemann 
state that "it seems unwise to associate language per se with consistent 
left-greater-than-right differences of only one portion of the cortical 


language areas (p. 460)." 


The first of the two questions stated at the beginning of this sec- 
tion (Are there morphological differences between the two hemispheres?) 
has been answered in the affirmative. The problem relates to the question 
on interpretation. How should these differences be interpreted? First, 
structure and function are not necessarily isomorphic. Moreover, since 
various areas involved in language have been found to be both larger and 


smaller in the left hemisphere as compared to the right, morphological 


differences need to be interpreted with a great deal of caution. Finally, 


functional asymmetry can be assessed by using other methods of investigation. 
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Rather than inferring functional asymmetry from morphological studies or 
using these studies as "proof" for functional asymmetry, it is perhaps 
more meaningful to consider how well findings from structural studies 


correlate with findings from functional studies. 
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Functional Asymmetry of the Human Brain 


A number of methods have been used to determine if the left and 
right cerebral hemispheres function differently. Among these methods 
are dichotic listening, tachistoscopic presentation, electroencephalog- 
raphy, evoked potential, and regional cerebral blood flow. Findings 


from each of these methods will be reviewed. 


Prior to discussing experimental findings, the concept of hemi- 
spheric specialization will be explained. Dimond and Beaumont (1974) 
propose the following model of the association of different functions 


with hemispheric locus (p. 83): 


Left Hemisphere Right Hemisphere 
Channel Channel 


Speech and Spatial 


language Both Hemispheres Integration 


Complex motor Simple motor responses Calculation 


function Incidental learning Creative - 


Vigilance Associative 


Fatigue processes 


Paired - Thinking 


Associate 


Learning 


Dimond and Beaumont posit that the hemispheres work together and that 
each hemisphere has a capacity to perform similar tasks but that one 
hemisphere exceeds the other in proficiency with respect to its special- 
ized task. This model portrays the’ meaning of the term “hemispheric 


specialization" as it will be used here. 
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Dichotic Listening Studies 


The dichotic listening technique has been used to study cerebral 
dominance. In 1961, Kimura discovered that when verbal stimuli were 
simultaneously presented to the two ears, the stimuli presented to the 
right ear were more accurately reported than those presented to the left 
ear (Krasheny) 1976, ps 158 — 9159) .» This right-ear advantage “(REA) has 
been interpreted as evidence for the proposition that the left hemisphere 
of right-handers is specialized to process verbal information. Krashen 


(1976) describes mechanisms involved in producing the REA: 


Under normal conditions, auditory stimuli arriving at the ears 
travel along contralateral (crossed) and ipsilateral (uncrossed) 
pathways to bilaterally situated primary auditory receiving areas 
(Heschl's gyri) in each temporal lobe. The primary auditory receiv- 
ing areas in each cortex receive input from both ears; for example, 
the contralateral pathway from the right ear and the ipsilateral 
pathway from the left ear both input the left primary auditory 
receiving area. The primary auditory receiving areas 'hear' sounds 


but intelligent recognition is the function of higher cortical areas. 


In the case of language, higher analysis is performed by several 
areas in the left hemisphere. The left primary auditory receiving 
area has a more direct pathway to the language areas than the right 
primary auditory receiving area. Stimuli arriving at the right 
receiving area must cross from the right to the left hemisphere 
before they can be processed by the language areas. 


There is convincing evidence that under dichotic listening condi- 
tions the ipsilateral pathways are suppressed or inhibited. This 
evidence comes from several dichotic listening experiments using 
split-brain and hemispherictomized subjects (p. 159). _ 


In short, stimuli presented simultaneously to both ears are more effec- 
tively processed and analyzed by the contralateral hemisphere since 
contralateral pathways are presumably predominent over ipsilateral path- 
ways. If this information is verbal, then a right-ear advantage will be 
expected since the theory postulates that the left-hemisphere is special- 
ized to process linguistic information. Thus, a right-ear advantage for 


speech stimuli implies a left-hemisphere dominance, and a left-ear 
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advantage for nonspeech sounds implies right-hemisphere dominance. An 
important point to remember is that dichotic listening experiments inves- 
tigate verbal production (expression) and not just verbal reception. 
Findings from some dichotic listening studies using normal subjects will 


now be discussed. 


Using the dichotic listening procedure in combination with the non- 
NUELLtive: High Amplitude’ Sucking (HAS) paradigm, Entus* (1977) found that 
infants (age 22 to 140 days) displayed a right-ear advantage to speech 
sounds (consonant - vowel syllables) and a left-ear advantage to music 
stimuli ("A" note on the bassoon, cello, piano, and viola). Upon presen- 
Pocicneolespecche stimula ey itor them inrantse snowed cerlont—caresuperlor— 
ity and upon presentation of music stimuli, 79% showed a left-ear super- 
iority. Entus concludes that her findings "... agree with the available 
neuroanatomical and physiological evidence in suggesting that hemispheric 
asymmetry is part of man's biological endowment and that it is functional 


by~-3 weeks of agesi(p." 72) ." 


The age of onset of hemispheric specialization (inferred from dichotic 
listening experiments) is a controversial issue in the research literature. 


The following results were found from an experiment conducted by Satz et al. 


a 1 Sa) ee 
re Significant ear asymmetry was not found in children younger 
than nine years of age; 
2s the magnitude of the difference between ears, while not signif- 
icant until age nine, continued to increase with age until 
eleven at which time the slope functions for each plateaued; 
ae ear asymmetry was independent of sex (abstract, p. 171). 


Dutch-spoken digit-pairs were presented to approximately 20 boys and 20 
Girlsvat.ecachsof five ages (S706, 7,179.11)... Satzcetlal. stare; Ore 


might conclude, on the basis of the present results, that the ear asymmetry, 
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regardless of its age of onset, does undergo major changes after five 
years of age (p. 184)." Moreover, they suggest that an increase in the 
magnitude of the ear asymmetry is compatible with the process of speech- 


Drain caterlaization: 


Similarly. Davigort; cone, sand Scully (1978) sconducted ay study in 
which 120 children at age 6, 8, and 10 listened to a dichotic stop con- 
sonant tape (e.g. pa, ga). They found that the 6-year-old group showed 
less right-ear advantage but the lower S.E.S. 6-year-olds were mainly 
responsible for this effect. After age 6, it was found that the right- 
ear advantage increased with age. Davidoff et al. conclude that "... 
there is an effect of learning to read that is associated with an in- 


creasing left-hemisphere advantage for linguistic tasks (p. 226)." 


The characteristic right-ear advantage for linguistic information has 
been found in a number of experiments (Krashen, 1976, pp. 162 - 167). The 
intriguing question regarding the onset of cerebral specialization and its 
Meaning will be addressed throughout the present review. It is important 
to note here that certain problems are associated with dichotic listening 
studies. (First, as pointed out’ by Springer (1977) , “intensity, spectral 
composition, and temporal variables each markedly affect the ear asymmetry 
(po) 333) Seseccondly # cichoticiastening techni quesimaywnotiywela: am pure” 


measure of hemispheric asymmetry. Springer (1977) states: 


With the dichotic procedure, two inputs are presented simultaneously 
to a subject, one to each ear. Although each ear sends projections 
both contralaterally and ipsilaterally from the superior olivary 
complex upward, simultaneous presentation seems to be effective in 
suppressing the ipsilateral inputs. Split-brain subjects are able 
to report some left-ear material presented dichotically, however, 
suggesting that suppression is not complete and hence that the 
dichotic paradigm may inusome instances not satisfy the initial 
requirement of lateralized input (p. 332). 


Finally, Satz (1977) cautions against inferring hemispheric asymmetry on 
fe Dasis sof Linaings LroOMm dichotic, Listening experiments. “ercraves uchav 
"the problem ... concerns the assumption that because a relationship exists 


between two variables (ances ear asymmetry and speech-brain lateralization) 
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then inductive inferences can then be made on individual Ss to classify 
them into respective hemispheric dominant groups (p. 208)." Using a 


Baysean analysis, Satz shows that this assumption may be unwarranted. 
Tachistoscopic Studies 


Tachistoscopic studies have also been used to answer questions on 
hemispheric specialization. The procedure usually involves flashing 
linguistic and non-linguistic information to the left and/or right visual 
fields for a short period of time (less than 200 milliseconds). The sub- 
ject is then asked to recall or recognize the information presented. A 
left visual field advantage is obtained if the subject recalls or recog- 
nizes more information presented to the left visual field than the right 
visual field and a right visual field advantage is obtained if the sub- 
ject recalls or recognizes more information presented to the right visual 
field. Information presented to each field (left or right) is primarily 
processed by the contralateral hemisphere (Beatty 1975). Mechanisms under- 


lying visual information processing are highlighted by Whitaker (1971): 


They principal optwcreharacteristics! are weld known: ithe might hale 
of the visual field is focused on the left half of each retina, and 
vice versa. Each optic nerve carries a right and a left half-field 
(divided vertically) to the optic chiasma where the pathways carry- 
ing left visual field information (from the right retinas) converge 
im the Optic tract Of the right hemisphere; right visual “field in— 
formation proceeds in the optic tract of the left hemisphere (p. 68). 


In short, the left hemiretina of each eye receives information from the 
Kignt visvaletieldvancdethissintiormationi se them sent togthemvertrcerebral 
hemisphere; likewise, the right hemiretina of each eye receive information 
fromithesleft) visuals field and this Initormation is) sent’ tosthe right cereb- 
ral hemisphere. Therefore, if the left hemisphere surpasses the right in 
processing verbal information then one could expect to find a right visual 
field advantage upon tachistoscopic presentation of verbal information. 

And if the right hemisphere surpasses the left in processing nonverbal in- 
formation then one would expect a left visual field advantage when nonver- 


bal stimuli are presented. Some experimental findings on tachistoscopic 
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presentation of verbal and nonverbal information to normal subjects will 


be reviewed. 


Mckeever and Huling (197la) conducted an experiment in which 20 nor- 
mal right-handed adult subjects performed a monocular tachistoscopic word 
recognition task. Ten of these subjects constituted the left-eye viewing 
group and the remaining 10 subjects were the right-eye viewing group. 

Four letter nouns were flashed two at a time (one word to the left and 

Ones co TheerighE~or, fixation). forvayperiodsot, 20imillisecondssa, Right 
visual field superiority (left-hemisphere) was significant across all 
subjects and for both left and right eye viewing groups. On the basis of 
this study, McKeever and Huling proposed the right visual field superior- 
ity is a result of a shorter neural pathway between the right visual field 
and the left hemisphere language centers as compared to the neural pathway 
between the left visual field and the left hemispheric language center. 
However, this proposal was not confirmed by another experimental procedure 
(McKeever and Huling, 1971b). The method used was to "lead" or "lag" one 
or the other visual half-field word presentations. The experimenters 
found that "... allowing earlier left-field word presentation failed to 
increase left-field recognitions and the typical right-field recognition 
superiority obtained in all conditions (abstract, 1971lb)." Observed right 
field superiority for, verbalsstimuli.appears,) to besa resultiof factors 
other than those related to transmission time between the left cerebral 


language centers and the left and right visual fields. 


Other Iscudies sconrirmethateright, visual ieldgsuperioriGyers obcained 
when linguistic information is presented with a tachistoscope. Rosen et al. 
(1975) flashed four letters in each field (100 milliseconds) to 20 right- 
handed adults. «They. conclude that the right field.superiority is.a 
result of left cerebral dominance for language. Mackavey, Curcio, and 
Roseng (1975). found, right, visual field superiority,usingsbilateral presen- 
tationyof word pairs,in, four, tachistoscopic, experiments...» For. these, four 
experiments, MacKavey et al. varied the exposure time (20 milliseconds, 

70 milliseconds, or 100 milliseconds) and the placement of words (verti- 


cal or horizontal). Also, in two of the experiments they asked the 
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subjects to fixate on a digit prior to presenting each word pair. | 
Mackavey et val. (1975) "conclude that” "™.’. the right visual “field “super— 
iority for bilaterally presented word pairs is extremely robust (p. 31)." 
Vertical presentation of words was used to minimize (left and right) 
directional scanning. Hines (1975) presented the following pairs (one 

an thewléfrt and one” inthe right "visual field) “with a “tachistescopie to 

a total of 63 adult subjects: words with words, words with shapes, 

words with faces, shapes with shapes, and faces with faces. Hines found 
avlarge@right*field superiority "ter words A°a small "but -significanteright 
field superiority efor shapes. (inkblots),,and, no visual field superiority 
for faces (photographs). Hines suggests that "... the large right visual 
half field superiority with bilateral presentation reflects the superior 
verbal recognition ability of the left hemisphere (pp. 140 - 141)." 
Similarly, Leehy and Cahn (7 oD founda right visual field superior- 
ity for word recognition and a left visual field superiority for recogni- 
tion of both familiar and unfamiliar faces. They presented the stimuli 
bilaterally with various exposure durations to right-handed adults. 

Words were exposed for a duration of 80, 100, or 120 milliseconds, familiar 
baceseror cOempiii seconds™andsuntami liar @races =feoriZ0=milliseconds. On 
the evidence from the above experiments one can conclude that tachistoscopic 
presentation of verbal information results in a right visual field super- 
iority, at least; for normal right-handed adults. By inference, many of 
the experimenters propose right field superiority is a result of the 
specialized capacity the left hemisphere has in processing verbal infor- 


mation. 


One further study on tachistoscopic presentation of information to 
normal subjects addresses the issue of development and hemispheric special- 
ization. This study was conducted by Carmon, Nachshow, and Starinsky 
(1976). Four groups, each composed of 48 Hebrew speaking children were 
selected to participate -- 24 boys and 24 girls aged 6, 8, 10, and 12 
years old. The stimuli presented were single Hebrew letters, two-letter 
and four-letter Hebrew words, and two-digit and four-digit numbers. Note 
that the Hebrew letters and words are read from right to left and the 
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experiment since it controls for the plausible confound of directional 
reading habits’ (usually left to right in English speaking subjects) 
which could bias the results in favor of the right visual field. Carmon 
et al. tachistoscopically presented the stimuli for exposure durations 
of 12.5 to 100 milliseconds, both unilaterally (one stimulus at a time 
Inpeitiers the let tiontright tvisual’ fteldje and bilaterally (stimuli pairs 


=—IsOrle. iy cach) visualsfietd) 2 Carmonvetizals. (41976) Mstate: 


The present study demonstrated that acquisition of directional 
reading habits does not influence visual hemifield asymmetries in 
perception of verbal material. Both Hebrew words and Arabic num- 
bers, though scanned in opposite direction, were perceived gener- 
ally better in the right hemifield. This finding suggests that 
hemispheric specialization in verbal perception is the underlying 
source of laterality differences (p. 467). 


In addition, they found that although the right visual field superiority 
did not interact significantly with age, a trend of developmental strength- 
ening in the perceptual asymmetry was noted (p. 467). This latter find- 
ing uwoulcd seend’ tomcencum with tthat eround? bys Satz fetmalwe(1975)mand Waviadoft 


et al. (1978) who used the dichotic listening technique. 


Various problems involved with the use of a tachistoscope as a 
measure of hemispheric specialization have been suggested. The short 
exposure time (usually less than 200 milliseconds) limits the complexity 
Oftniesstimuls \(Springer $197 7) = According bo White (1972) tachistoscopic 
experiments typically require subjects to report either verbal or give 
written responses but such a procedure does not investigate verbal en- 
Coding oreanalysicw. Her seatresethate  ... lDecause ten elt henispniere as 
usually prepotent for language and speech processes and initiation of 
vocal motor responses, it does not necessarily follow the same hemisphere 
as prepotent or 'dominant' for stimulus analysis (p. 504)". Finally, 
White (1973) suggests a number of task-specific factors which might 
affect the degree or direction of lateralization: number of letters, 
spacing of letters, retinal locus, exposure duration, report instructions, 


and aGirecticnal stimulus "characteristics. 
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Electroencephalographic (EEG) Studies 


The electroencephalogram is a record of electrical activity in the 
brain. According to Marshall (1967), "electroencephalography, by defi- 
nition, is the recording and evaluation of the electrical potentials 
generated by the brain and sampled at the scalp surface (p. 221) ." 
Basically, the EEG consists of two measures of spontaneous electrical 
rhythms recorded from the surface of the scalp: 1) frequency (measured 
in cycles per second or Hertz) and 2) amplitude (measured in microvolts). 


Butler and Glass (1976) describe the ongoing EEG as follows: 


By "ongoing" EEG is meant the continuously varying voltage record- 
able between pairs of electrodes on the head in the frequency band 
0-30 Hz. For descriptive purposes the ongoing EEG is usually sub- 
divided into a number of smaller frequency bands, each encompassing 
rhythms characteristic of different behavioral states. Thus delta 
cthythm (1=3' HZ) typically occurs during sleep, alpha’ rhythm (8-13 
Hz) during relaxed wakefulness, beta rhythm (frequencies greater 
than 13 Hz) during periods of intense mental activity, while theta 
rhythm (3-7 Hz) is often found when the brain is developing. Ac- 
tivity in the alpha frequencies has so far provided the most inter- 
esting information in connection with asymmetries of cerebral func- 
tion. (pp. 220°= 7221). 


The EEG has been used to infer the differential involvement of each 
cerebral hemisphere during various cognitive activities. Accordingly, 
the usual experimental procedure for inferring differential involvement 
of each hemisphere from EEG data recorded during cognitive activities 
is to place electrodes on various sites of each hemisphere and then ask 
the subject to perform verbal and nonverbal tasks while the EEG is 


recorded. ponchin est al.(1977) state: 


One promising paradigm involves the comparison of the distribution 
of spectral power in the alpha band at homologous hemispheric loca- 
tions while subjects are engaged in tasks presumed to differentially 
engage the hemispheres. This interest derives from the earliest 
studies of the EEG by Berger (1930) and Adrian and Matthews (1934) 
which indicated an inverse relationship between alpha presence and 
‘mental effort'. The assumption is made that hemispheric involve- 
ment is indexed by differential suppression of alpha. The hemi- 
sphere more engaged in the task would exhibit less alpha activity 
than the idle hemisphere (p. 214). 
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Therefore, if the left hemisphere is specialized to process linguistic 
information, at least in right-handers, then one would expect to record 
less alpha during verbal tasks from the left hemisphere than from the 
right hemisphere. One would also expect to record less alpha from the 
right hemisphere than from the left during nonverbal activities; that 
is, if the right hemisphere is specialized to process nonverbal infor- 
mation. Some findings from a number of EEG experiments on normal sub- 


jects will be presented. 


Experimental research using the EEG has been done on infants, chil- 
dren, and adults to investigate hemispheric specialization. Gardiner 
and Walter (1977) presented verbal and musical stimuli to four infants 
aged 6 months. They placed electrodes over the left and right parietal 


(Py, P,) and temporal (W Wo) areas on the surface of each infant's 


skull to record EEG nei distributions during the presentation of ver- 
bal and musical stimuli. Analysis of EEG activity was done Sa Sines 
bands jin the vicinity of 4)5z. Gardiner and Walter found that “in all 

4 infants, parietal and Wernicke pairs (where available) exhibited reduc- 
tion in the proportion of left hemisphere to total bihemispheric power 
for speech relative to music, in the activity near 4 Hz (p. 492)." 
tMheviconclude that thelr results os. fail Co support Genneberg (Ss (4967) 
theory of gradual development of lateralization of function but instead 
give added support to recent findings, both from patients and normal 
subjects, that suggest that some functional asymmetries may already be 
present in the normal human brain at, or soon after birth (p. 495)." 
This conclusion is similar to that made by Entus (1977) who found a 


right-ear advantage to speech (dichotic listening) in infants aged 3 


months. 


An excellent summary on the relationship between alpha waves and 
cognitive activity is stated in the introduction to a study conducted 


by Cole and Cummings (1977). They state the following: 


When humans are relaxed, drowsy, or in meditative states, the EEG 
typically reveals a predominance of alpha waves having a frequency 
between 8 and 12 Hz. If a subject in this state is given a problem 
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to solve, the alpha waves are replaced by asynchronous beta waves 
having a frequency greater than 12 Hz. The percentage of alpha 
rhythm may thus be used as a rough measure of the amount of ongoing 
information processing at a particular cortical’ location. The 

more alpha rhythm that is present, the less ongoing information 
processing is assumed to be occurring. Based on our present know- 
ledge of cerebral specialization of function, we should expect to 
find less alpha rhythm in the left hemisphere during linguistic 
tasks than during spatial tasks, while the opposite pattern should 
OCeCUGs ing Chesrightyhemisphere..(p: 37) « 


Cole and Cummings (1977) empirically tested this expectation by recording 
EEG alpha rhythms from the left and right frontal and temporal locations 
of 35 normal right-handed children (aged 3 - 6 years old) during the 
presentation of verbal (stories) and nonverbal (cartoon movie) informa- 
tion. They found that children produced more alpha in the left hemi- 
sphere while watching a cartoon than when listening to a story -- an 
effect which was as strong for the 4 year olds as it was for the 6 year 


olds (p. 41). The experimenters conclude that their results suggest 
that there is an increase in left hemisphere alpha rhythm -- presumably 
indicating a decrease in information processing in that hemisphere -- 
when 4- to 6-year-old children observe a cartoon, as compared to their 
left hemisphere alpha rhythm when listening to a story (p. 45)." A 
Similar pattern of results was not obtained from the right hemisphere. 
One difficulty with this study is the nature of information processing 
associated with the cartoon. That is, children may covertly associate 
verbal labels with the visual presentation of the cartoon. Hence, the 


difference between the two stimuli may be simply a difference between 


auditory (story) and visual (cartoon) sensory stimulation. 


Morganwetealts (1971) Scomparedathe taipha activitysingtheslerteand 
right occipital lobes of 20 right-handed adults during analytic and 
spatial activities. The analytic condition consisted of 9 tasks (e.g. 
add 16 and 18, recite a few lines of a poem) and the spatial condition 
consisted of 5 tasks (picture a child swinging on a swing, imagine you 
are watching a ballet). Morgan et al. found that, compared to the left 


hemisphere 19 of the 20 subjects displayed more alpha activity in the 
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right hemisphere during the analytic Bondi tion and 16 of the 20 subjects 
displayed less alpha in the right hemisphere during the spatial condi- 
tions. That is, the right hemisphere was less active than the left dur- 
ing the analytic condition and more active than the left during the 
spatial condition. Using different tasks and recording from different 
locations (left and right parietal and temporal), McKee et al. (1973) 
found similar results. McKee and his associates used three linguistic 
tasks of varying difficulty and a musical task in an experiment with four 
right-handed subjects. They found the largest L/R (left divided by right) 
alpha ratio for the music task and successively smaller L/R alpha ratios 
fOr increasingly Gifficule Pinguistic tasks. Interestingly,both of the 
above studies found more alpha activity over the right han over the left 


hemisphere regardless of task. 


The hypothesized relationship between alpha production and task 
asymmetry (i.e. less alpha in the left hemisphere during verbal tasks 
and less alpha in the right hemisphere during spatial tasks) has been 
found in studies conducted by Galin and Ornstein (1972); Doyle, Ornstein, 
and Galin {1974); and Furst’ (1976). “These studies used normal right- 
handed adults as subjects. In addition, Galin and Ornstein (1972) and 
Doyle et al. (1974) discovered that lateral asymmetry was strongest in 
the alpha band and for verbal and spatial tasks involving motor activity. 
Furst (1976) found that subjects with lower R/L alpha ratios (less alpha 
in the right hemisphere) solved visuospatial problems more efficiently. 
Thatels, Subyects who eCtivace tne rignt nemisphere CO a greater extent 
than the left perform better on a right hemispheric task. Amochaev and 
Salamy (1979) and Erlichman and Wiener (1979) "dice not tand conclusive 
results regarding proposed hemispheric asymmetry but both experiments 
did show a moderate amount of reliability in task-related EEG asymmetries 
over time. Finally, in am experiment conducted by Gevin et al. (1979), 
subjects (right-handed adults) displayed EEG asymmetry to verbal and 
spatial tasks but the experimenters suggest that observed EEG asymmetry 
results from inter-task differences in efferent activity, stimulus charac- 


teristics, and performance-related factors rather than from true differences 
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in cognitive processing. In order to determine EEG asymmetry of verbal 
and nonverbal tasks, such confounds as pointed out by Gevins and his 
associates must be controlled. Other confounds could be instrumental or 
physiological (Shagass, 1972). Thus, EEG frequency analysis is an infor- 


mative/exciting technique but it does have limitations, as well. 
Evoked Potential Studies 


Evoked potentials, another electrical measurement of the brain, 
have been used in a number of experiments to assess hemispheric asymmetry. 
Typically, evoked potential (EP) or event-related potential (ERP) studies 
record the amplitude (power) and latency. (time) of the brain's electrical 
activity in response to a repeated stimulus (visual, auditory, or som- 


aLOSensonry)) sAccorcding to Marsh (19/3) 


Another electrophysiological phenomenon that can demonstrate hemi- 
sphere asymmetry is the electrical activity elicited by presentation 
of stimuli. This activity is generally of smaller magnitude than 
the ongoing EEG activity and must be extracted from the scalp- 
recorded EEG by summing together several short portions (e.g. 560 
milliseconds) of the EEG record following several stimulus presen- 
tations. Random pertions of a normal, unstimulated ERG record tend 
to sum to zero because the varying electrical activity is not tied 
to any one specific external or internal event. However, when just 
the portions of the EEG time-locked to the repeated presentation of 
a stimulus are summed, the electrophysiological responses elicited 
by the stimulus are accumulated, and the electrical events not tied 
Coethe stimulus tendsto cancel toward zero (pp. 300) =) 301) 


With respect to hemispheric specialization, attempts have been made to 
determine whether verbal and nonverbal stimuli evoke different responses 


in the left and right hemispheres (Butler and Glass, 1976). 


Again, evoked potential studies on normal infants, children, and 
adults have attempted to determine if and how the two cerebral hemispheres 
are specialized to process information. In general, several studies have 
found that evoked potentials from the left hemisphere are higher in amp- 


litude during verbal tasks and that evoked potentials from the right 
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hemisphere are higher in amplitude during nonverbal tasks (Butler and 
Glass, 1976; Neville, 1978). The inference made is that there is a 
direct relationship between the amplitude of evoked potentials and cere- 
bral activation. If such a relationship exists between verbal tasks 

and the left hemisphere and between nonverbal tasks and the right hemi- 
sphere, these results are taken as evidence of hemispheric specializa- 


tion. Some specific studies will now be reviewed. 


Molfese (1977), presented verbal (syllables -- ba, da; words -- bye, 
dog) and nonverbal (musical chord, burst of noise) stimuli to 10 infants 
aged 1 week to 10 months, 11 children aged 4 to 11 years, and 10 adults 
aged 23 to 29 years. Evoked potentials were recorded from the left and 
right temporal regions of the brain. During speech sounds, greater 
amplitude of auditory evoked potentials (AEP) was found in the left hem- 
isphere of 27 of the 31 subjects. During the presentation of the musical 
chord, the AEP was greater in amplitude for the right hemisphere in 30 
of the 31 subjects. Molfese found that "... the degree of laterality 
diy the infants was’ actually greater than that of adults for both the 
Speech and nonspeech, stimula <p. 23)’. = He concludes that, acl leasc, 

",.. some degree of hemispheric specialization appears to be present in 
human infants long before the age of 2 years suggested by Lenneberg 
(p. 25)." Such a conclusion is shared by others(Entus, 1977; Gardiner 


and Walter, 1977). 


Switching to EP studies on adults, Matsumiya et al. (1972) found 
that the proposed hemispheric asymmetry may relate more to the meaning- 
fulness of the stimuli than to verbal versus nonverbal differences. 
They found the largest asymmetry when the subjects (9 right-handed adults) 
maximally attended to meaning. Meaningfulness is an important matter to 
consider since many so called right hemispheric tasks are nonmeaningful. 
Galin and Ellis (1975, 1977) compared results from evoked potential 
analyses with those from EEG alpha analyses. They OMENS. TEM “Y 5 oq OnMebee lil 
power and peak amplitude characteristics of evoked potential asymmetry 


Yerlect the lateralization of cognitive processes, but not as consistentiy 
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as the concomitant asymmetry in EEG alpha power (Galin and Ellis, 1975, 
p. 48)." Finally, Kutas and Hillyard (1980) presented seven word sen- 
tences, one word at a time (flashed for 100 milliseconds), to nine right- 
handed adults. All but the first word in the sentence elicited an event 
related potential (ERP) with a significant left-greater-than-right assym- 
metry in the late positivity (400 to 700 milliseconds after stimulus 
onset) over temporo-parietal (Wernicke's area) regions (p. 354). How- 
ever, according to Kutas and Hillyard, it is important to note that such 
results may be a"... reflection of the specific engagement of language 
systems insthe left hemisphere... [or] ... it may be the extraction of 


meaning rather than the linguistic analysis per se cosas? ORCC ON eas: 


The evoked potential procedure is not without limitations. First, 
since evoked responses are highly subject to habituation, repeated pre- 
sentation of stimuli may result in a considerable attenuation of the 
response (Shagass, 1972). Of course, this problem can be overcome by 
presenting novel stimuli. Secondly, various bioelectric sources of 
artifact can influence asymmetrically speach-related electrical poten- 
tials -- eye movements, GSR, head movements, muscle tension, respiratory 
waves, and lip and tongue movements (Donchin et al. 1977). And thirdly, 
as with EEG frequency studies, meaningfulness of the stimuli may obscure 


the asymmetry presumed to result from verbal and nonverbal tasks. 
Regional Cerebral Blood Flow (rCBF) Studies 


Another technique that has been used to measure the differential 
involvement of each cerebral hemisphere during information processing 
is the regional cerebral blood flow (rCBF) technique. Briefly, the 
physiological basis of the rCBF: technique is that increased neuronal 
activity requires an increase in oxygen which is supplied to cortical 
areas by blood. Hence, more blood is required by a particular corti- 
Gal area that is relatively more active than another area (Ingvar, 31978; 


bassenvuct al. lo/S).  Thesproceduresinvolves va number Oresteps: 
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Le a radioactive isotope (e.g. 133 Xenon) is injected or inhaled 
by the subject, 


oe the subject is engaged in a neural act (speech, reading, listen 
to noises), 


3 detector probes are placed on various areas of the skull and 
they transmit information to a gamma-ray camera, 


4, cerebral activity (various colors depict varying levels of 
blood flow) is displayed on a color television screen. 


Hence, the dependent variable is the relative amount of blood flow ina 
particular cortical area. On the basis of prior knowledge from studies 


of hemispheric specialization, one would expect to monitor greater levels 


Of blood flow in the left hemispheric language areas (Broca and Wernicke's 


areas) during verbal information processing and greater levels of blood 
flow in the right hemisphere during spatial or nonverbal information 
processing. This expectation has been tested in a number of studies 


using normal right-handed adults as subjects. 


In an experiment conducted by Risberg et al. (1975), 24 right-handed 
normal adults participated in the rCBF procedure. All 24 subjects were 
paid $20.00 for participating but 12 of the subjects (Reward group) were 
promised additional money based on their performance on verbal and spatial 
tests. Regional cerebral blood flow was measured during three conditions 
-- resting, verbal test (Miller's Analagies), and a spatial test (Steet 
Test -- perceptual closure). The recorded blood flow to each hemisphere 
was similar during the resting condition. During the verbal task blood 
flow increased by 16% in the left hemisphere and 13% in the right. And 
during the spatial task blood flow increased by /% in the left hemisphere 
and 10% in the right. These figures pertain to the Reward group only. 
The other 12. subjects showed a similar pattern but not to the same degree 
as the reward group. In addition, Risberg et.al. found that, ®™... the 
largest inter-hemispheric differences (about 5%) were seen in occipital 


and parietal regions during the verbal test and in frontal and parietal 
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regions during the spatial test (p. 523)." The small but statistically 
Significant differences between the blood flow in the left and right 
hemispheres show that the left hemisphere is more actively involved in 
processing verbal information and the right hemisphere is more actively 


involved in processing spatial information. 


Gur and Reivich (1980) used the same tasks as Risberg et al. (1975) 
in a rCBF experiment on 36 normal right-handed adults. They found a 
significant increase in left relative to right hemisphere flow during 
the performance of the verbal task and an increase in right relative to 
left hemisphere flow during the performance of the spatial task (p. 86). 
Gur and Reivich found that greater increase in blood flow to the right 


hemisphere was associated with better performance. 


In a study by Knopman et al. (1980) it was found that "an increase 
in rCBF in the posterior perisylvian area on the left occurred with 
both verbal and nonverbal activation (p. 103)." But this experiment 
required Subjects to use a motor response (push a button with the right 
forefinger) to both verbal and nonverbal tasks. The verbal condition 
required the subject to pick out words that meant "something to eat" 
fromea List Of nouns. For the nonverbal condition, subjects had to 
distinguish the softer sound from two noise bursts. Since all subjects 
were right-handed, the motor act of using the right hand to signal an- 
swers to both conditions may be a confound and, thus, explain increased 


blood flow to the contralateral (left) hemisphere. 


Notwithstanding, the rCBF technique appears to be a valuable tool 
in investigating hemispheric specialization of normal and clinical pop- 
ulations. Ingvar (1978) states that "the EEG technique, and to some 
extent also evoked potentials methods, as well as rCBF measurement, 
represent different ways of recording mass activity distribution in 
the brain. Combined, such studies may, it seems, help us to. understand 


the global functions of the brain, including those which relate to men- 
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The studies on cerebral functional asymmetry reviewed above (di- 
chotic listening, tachistoscopic presentation, EEG frequency analysis, 
evoked potential, and rCBF) tend to suggest that, at least in right- 
handed adults, the left hemisphere is more specialized to process verbal 
information than the right and the right hemisphere is more specialized 
. to process nonverbal information than the left. In addition, some studies 
were reviewed that show the left and right hemispheres to be morpholog- 
ically dissimilar, especially in regions believed to subserve verbal 
information processing. Hence, it is proposed that a model of hemi- 
spheric specialization seems to be substantiated by empirical research 
on normal right-handed adults. Controversy with respect to the onset 
of hemispheric specialization exists in the research literature and 


merits further discussion. 
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The Onset of Hemispheric Specialization 


The two extreme positions on the onset of hemispheric specializa- 


tion are: 
is the two hemispheres are completely specialized at or prior 
1g@® louliccia, sisiel 
Bes hemispheric specialization is a continuous process through- 


out the life span. 


Intuitively, the former position seems less tenable. To explain, well- 
known theories in developmental psychology (e.g. Piaget, Bruner) sug- 
gest that a child's cognitive development progresses through a number 
of stages -- each stage more complex than the former. Also, it seems 
illogical to assume that an infant's brain is completely specialized to 
subserve tasks that it cannot yet perform. And since an infant is not 
capable of performing complex cognitive tasks, the first position can 


probably not be empirically tested. 


It is known, however, that the two hemispheres of the infant brain 
are dissimilar in structure (Wada et al, 1975; Witelson and Pallie, 1973) 
and in function (Entus, 1977; Gardiner and Walter, 1977; Molfese, 1977). 
Perhaps these studies show that hemispheric specialization is present 
at birth but they do not show that hemispheric specialization is complete 


av birth.” Moscovitch, (19/7) "states the following: 


"... although the evidence presented in this chapter favors the 
notion that hemispheric differences in structure and function are 
apparent very early in development, it does not follow that the 
process of lateralization is complete at this) early stage (p= 2006). 


Moscovitch (1977) then presents two alternatives regarding the develop- 


ment of language lateralization: 
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Nec a process of gradual lateralization in which low-level ling- 
uistic functions (phonetic or phonological) are lateralized 
by the first year of Pifewand “as “avchild®s Linguistic ana ’cog-— 
nitive skills develop, language becomes more strongly lateral- 
ized to the left hemisphere, or 


Os Syntactic and semantic functions are completely lateralized by 
the time a child utters his first words and experience/matur- 
ation affect only the development of language in the left 


hemisphere, but not the process of lateralization (pp. 206 - 207). 


According to Moscovitch, the answer to this dilemma has not yet been 
found although Moscovitch, himself, seems to prefer the former explana- 


EaUOa 


Another view is proposed by Kinsbourne (1975) who states that "cere- 
bral dominance does not develop; it is there from the start. Thus, one 
could hardly relate the excellence of language behavior to such a devel- 
opment nor sensibly seek for measures which would accelerate that non- 
existent process (pp. 248 - 249)." He reviews literature on this subject- 
and further develops his rationale in later works (Kinsbourne, 1978; 
Kinsbourne and Hiscock, 1977). Kinsbourne is not convinced that there 
is neuropsychological evidence or evidence from the ontogeny of asym- 
metry in normal behavior that validates the concept of developing later- 
alization. On the other hand, Brown and Jaffe (1975) cite clinical and 
experimental evidence that, they think, supports the developmental view 
of hemispheric specialization. They state that "the evidence cited is 
in support of the hypothesis that cerebral dominance is not a state but 
a process, and one that continues through life (p. 108)-" These are the 
two extreme positions mentioned earlier. Is there a resolution to this 


issue? 


Perhaps, at this time, there is not a final resolution but certain 
questions are nearer an answer. For example, the equipotential hypothesis 
(both hemispheres are likely candidates to develop language specializa- 


tion) seems to be in disfavor. According to Dennis and Whitaker (1977): 


40 


1° ~ SF 98) MADRS GeIs! to Seqoig ne Jun Ses |, 


6 bez owe edtatcaw) a bud 2s 
“anche te feat? Sid sive 
208) ai Waa siblerae war ¢ine 


newt 80 fon ect apertan elAt ov yewens. oi!" ivecel a 
“enhivay sade bit jsiye1 ot wee leu nosivepenht dovediota: 


of 
—. 
a . 


“weer” weet e@tesd cffa “Ci0Ce) arehceqia y! taaqmret, el weey vase 
feo anh? Dieta 447 mor otek! 2h oF i golaveh gée each ) Lax 
~ju@ » ae ed sélivamen apeeyne| 3h) sore! i corset sates rina’ Be 
ance 20h) Aesiichae Eijow dolth sameasn 1-1 eee [Reieiee 2108 Jaen ry 
rai(@ne shilt-im Sante liter BYS gor<m "itt - bt. ey 7 
\evG! ,euvoGesin anti zeae! ‘Gl alam isae = eel apt: nso is > 
ered? Jeg Seanivnes Fon By Sees. “i ,doogel fae 
~pene to yhepedne GAP, aol stnetr- 2 1p spowtees ‘supatatoxagein 1 
-selel mulqolwent ia tains mit Barsécics iede slepegled Tnmen al ¢ 
ae Seintie eye 1t°es/ ecvet ire idcrs . tna tale wine 
wey sehengonseal ota aaain torn i cake oS 
@: Sette e¢ndbies sts* Siere yeu? .noktiei eto ¢ 
ee ee ere tot) cicniyagult vas wane 
a i VERE Ayko: amp. T octet on) Gee nae 


scans oD eases Gita et ame bE yes i = 
ml 


Hemispheric equipotentiality does appear to make an untenable sup- 
position about the brain because it neither explains nor predicts 
at least two facts about language -- that the two perinatal hemi- 
spheres are not equally at risk for language delay or disorder and 
that they are not equivalent substrates for language acquisition 
(pene ye 


Also, the two hemispheres of infants are dissimilar regarding structure 
and function. Or, as stated by Joynt (1975), "it does seem that theta 
is biologic preprogramming for language and that hemispheric speciali- 
zation is part of our heritage (p. 52)." Equipotentiality would argue 


strongly for the development of hemispheric specialization after infancy. 


In addition, one must be cautious in interpreting perceptual asym- 
metry studies (e.g. dichotic listening) which show an increasing later- 
alization with age. Certain other factors may be confounds -- attention, 
type of stimuli (phonemic, syntactic, semantic), memory, or levels of 
peocessing (Bryden & Allard, 197/53; Porter & Berlin, 1975). > The dichotic 
studies that found increasing asymmetry with increasing age (Davidoff 
et al., 1978; Satz et al., 1975) presented in the present review used 
either two dichotic consonants or digit pairs as stimuli. One would 
expect such tasks to be specialized at a very early age (Bryden & Allard, 
1978). Other studies discussed here failed to show a significant in- 
crease of asymmetry with increasing age (Cole & Cummings, 1977; Molfese, 
1977). The main point here is that there may not exist strong evidence 
in favor of the extreme developmental lateralization point of view. 
However, neither extreme position can be rejected on the basis of present 


knowledge. 


As aeresult, it may be wiser sto Look tor other alternatives and 
continue to, if possible, empirically test each possibility. <A final 
point-of-view is proposed by Witelson (1977a). Her proposal lies some- 
where between the two extremes. Briefly, she suggests that both func- 
tional specialization and hemispheric plasticity coexist at birth. But 
she does state that biological pre-programming for language may limit 
plasticity to some degree. Witelson (1977a) summarizes her view as 


follows: 
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Left hemisphere specialization may be functional at birth, similar 
to Kinsbourne's (1975) suggestion, but this does not necessarily 
mean that it remains unchanged from infancy to senescence. The 
present view is that as a cognitive function develops which requires 
the type of processing for which the left hemisphere is specialized, 
then that cognitive function and any tasks dependent on such func- 
tions will be processed more by the left than the richt hemisphere. 
In this view what develops primarily is the extent of the child's 
cognitive repertoire, and as more functions are available to be 
processed predominantly by the left hemisphere, they are. Thus, 
with development, left hemisphere specialization comes to encompass 
a bproaderescope@o£t skillsefor’ whichsitseparticular/cognitivermode 
Oresequential, analytic, linguistic processing is particularly. 
suited. In some sense, then, left hemisphere specialization does 
increase, but only indirectly, as a secondary manifestation of 
cognitive development (p. 269). 


Such a moderate theory is attractive but it also requires empirical 
validation. The stance taken for the present review is that hemispheric 
specialization is probably present at birth but further research is 
needed to suggest either that hemispheric specialization is complete 

at birth or that it develops according to cognitive development. This 


issue will again be discussed in later sections of the present review. 
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DESCRIPTIVE FEATURES OF CHILDREN HAVING 


DIFFICULTY LEARNING TO READ 


The focus of the present section Orecne iiterature reviewels on des— 
criptive features of children who have difficulty learning to read as 
compared to those who do not encounter difficulty in learning to read. 
The Eisenberg (1966) definition generally characterizes the research pop- 
ulation considered here -- "Specific reading disability may be defined 
as the failure to learn to read with normal proficiency despite conven- 
tional instruction, a culturally adequate home, proper motivation, intact 
senses, normal intelligence, and freedom from:gross neurological defect 
(p. 360)." In general, a similar population has been variously referred 
to as learning disabled (Gaddes, 1980), learning disordered (Knights and 
Bakker, [976), dyslexic (Benton and Pearl, 1978; Vellutino, 1979), read- 
ing disabled (Tarnopol and Tarnopol, 1977), reading disordered (Pirozzolo, 
1979) and specific reading retardation (Rutter, 1976). For the purposes 


of the present review, a preferred label would be "reading difficulty." 


The following description of children with reading difficulty will 
begin with a discussion on models of reading disability. Next, some gen- 
eral features of reading difficulty will be examined. Some researchers 
propose that it is important to consider neurological aspects of reading 
disability, at.deast, for some, types of problem readers:.), This, claim and 
other issues related to neurological aspects of reading difficulty will 
be reviewed. Finally, developmental aspects of reading difficulty will 


be considered. 
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Models of Reading Disability 


Two conceptualizations regarding models of reading disability will 
be reviewed -- Guthrie (1973) and Applebee (1971) -- as a context ieue 
forthcoming information. Guthrie (1973) proposes two models of reading 
that are implicit in reading research and then he presents empirical 
information which confirms one of the two models. Guthrie Aescr ines 


the two models as follows: 


The first model proposes reading to be an assembly of independent 
components (assembly model). The components are independent since 
they may exist in high or low degrees of strength for a given indi- 
vidual. The only relationship among the components is that they 
must occur or be capable of occurring in close succession during 
Ghemact, of reading) .... According to this, model, children develop 
Che abititiessor audi ton widiscriminabion, visual. discrimination, 
auditory memory, visual memory, and word meaning independently. 

In poor readers, one of these abilities fails to develop normally, 
and the child's reading is impaired as a consequence of the one 
specific deficit, although the other abilities may develop to 
normal levels of strength ... The second model views reading as 

a system of associated components (system model). This model sug- 
gests that the reading process requires the presence of components 
that are not identical in function or strength but that are inter- 
dependent. For a given individual, these components may have dif- 
ferent degrees of strength but do not increase in strength more 
rapidly than the component with the slowest growth rate (p. 10). 


Hence, a low intercorrelation of subskills in normal readers would con- 

firm the assembly model while a high correlation of subskills in normal 
readers would confirm the system model. As a result, one would expect 
disabled readers to be deficient on a small minority of subskills accord- 
ing to the assembly model and disabled readers would exhibit deficiency 
invastarge majority ot subskiils according “to -the=system mode (pp. eiiye=s12)4 


Guthrie (1973) found that disabled readers and normal readers matched 
on I.Q. and reading level were similar in the strength of subskills but 
both groups were inferior to the normal readers who were matched on I.Q. 
and age with the reading disabled group. In addition, the intercorrela- 


tions of subskills were high positive for both normal reading groups and 
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fargely insionisvecant™ .orethe reading disabled group. As a result, 
Guthrie concludes that the system model is confirmed and, further, that 
"mone source of disability for poor readers is lack of integration and 


anterfacilitation among; subskills, (abstract ,-p.49)." 


Another conceptualization on models of reading disability is proposed 
by Applebee (1971). He presents six possible models of reading disabili- 
ty. Briefly, the models are as follows (Applebee, 1971 pp. 99 - 110): 


MODEL 1: A single causal defect -- poor readers represent a homogen- 
.ous population deficient in a single ability essential in 
learning to read. No one has been able to produce data 
which conform to this model. 


MODEL 2: Several independent causal effects -- this is similar to 
Model 1, but it allows for the possibility of a number of 
"Critical" abilities necessary for reading, the lack of 
any one of which would be sufficient to cause the disorder. 
This model comes closer to explaining research results 
than Model l. 


MODEL S:4)Multiple regressiongwithsone functional ~relationshipy--— 
reading achievement, according to this model, is a simple 
additive function of the level of each of the factors in- 
volved, described by a multiple regression equation. One 
assumption of this model is that the same set of variables 
will distinguish between good, average, and poor readers. 


MODEL 4: Multiple regression with several functional relationships 
-- reading disability can be explained in terms of addi- 
tive functions of the factors involved, but there are two 
or more regression equations functioning within the same 
sample. For example, regression parameters would be dif- 
ferent for boys and girls, for different age groups, or 
for different social classes. In general, regression 
models better explain the relative position of individuals 
within the middle range of achievement than that of severe 
reading disabled individuals. 


MODEL 5: Disorder dependent on pattern of factors -- reading disa- 
bility is a homogenous disorder and depends on an inter- 
action of relative status on various factors. For example, 
a reading disabled individual might be poorer in auditory 
memory than visual memory rather than have an absolute 
deficit. This model provides no expectation about differ- 
ences between good and poor readers regarding the absolute 
levels of various abilities. 
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MODEL 6: Several independent disorders dependent on patterns of 
factors -- reading disability can be caused by any of sev- 
eral relevant and independent patterns of factors. 


According to Applebee (1971), some retarded readers may best be explained 
by Model 4, for example, while other problem readers might be explained 
by Model 2 or 6. It might be best to start with the simplest explanation 
and move towards more complex models, if necessary (p. 111). However, 

it is necessary to concentrate on new models which correspond more close- 
iy coche nNeterogeneity cf reading “disability. “In order “to do this; 
sophisticated methods of data analysis (e.g. cluster analysis, profile 
analysis) are required. Finally, Applebee suggests that past research 
has shown that the simplest models do not fit the problem of reading dis- 


Ziel Javiey < 


Both Guthrie and Applebee propose possible models of reading disabil- 
ity. Guthrie prefers a model which emphasizes a system approach with 
Tespecte, co reading ability and disability. That 1s, according to Guthrie, 
it is important to look at how reading subskills interact in understand- 
ing reading disability. For Applebee, it is important to view reading 
disability as a heterogeneOus disorder and to, perhaps, reject models 
which do not fit the population under study. ~*The complexity of the dis- 
order may require a number of models which assume heterogeneity in order 


to describe the population under study. 
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General Features of Reading Difficulty 


TorfLunther thevdescription of ‘childrentwith reading “difficulty, 
various perspectives on the disorder will be presented. First, the ver- 
bal deficit hypothesis (F.R. Vellutino) deserves mention. Secondly, accord- 
ing to M.D. Vernon, there is variability in reading retardation. Such a 
claim will be examined next. Thirdly, a discussion on some of the various 
subgroups of reading difficulty will follow. After discussing these gen- 
eral features of reading difficulty, some more specific aspects (i.e. 


neurological and developmental) will be reviewed. 


The Verbal - Deficit Hypothesis 


Vellutino (1977, 1978, 1979) argues in favor of a verbal-deficit 
hypothesis in characterizing reading disability. In the introduction 
to his recent book, Dyslexia: Theory and Research, Vellutino (1979) states 


the following: 


-. My Own laboratory studies and practical experience, the research 
of independent investigators studying normal and abnormal reading 
and language abilities, and some degree of intuition strongly sug- 
gest that a most promising but relatively unexplored avenue for add- 
itional study inheres in the possibility that specific reading dis- 
ability is caused either by dysfunction in verbal processing or by 
a Specific dericit ine visual—-verbal integration. 2 am inclined to 
agree with those who contend that reading is primarily a language- 
based skill, as illustrated in the fact that three of the five types 
of featural information contained in a printed word (graphic, ortho- 
graphic, semantic, syntactic, and phonological) correspond with the 
Major components of language. Thus the ability to learn to read 
would appear to be especially vulnerable to deficiencies in one or 
more of these linguistic functions, though perhaps not in equal 
measure (p. 4). 


An examination of Vellutino's arguments which lead him to propose the 


verbal-deficit hypothesis will clarify his position. 


Vellutino (1977) presents an overview of the literature on reading 


disability.) in) thissarticle, he critically examines four explanations 
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for reading failure in children: © 1).. deficiency in visual processing, 
2) deficiency in inter-sensory integration, 3) dysfunction in temporal- 
order perception, and 4) deficiencies in verbal processing. Briefly, 


Vellutino's arguments against the first three explanations are as follows: 


ike Visual processing deficiency: the orientation and sequencing 
errors’ believed to be classic indicators of visual-spatial con- 
fusion in poor readers can be more plausibly interpreted as 
secondary manifestations of verbal-mediation difficulties 
(Dp. 347), 


ap Inter-sensory integration deficiency: there is persuasive evi- 
dence that the deficiencies observed in poor readers on tasks 
thought to be measuring cross-modal transfer may have been due 
to difficulties in verbal encoding (pp. 347 - 348), and 


on Temporal-order perception dysfunction: a plausible alternative 
explanation of reader-group differences in ordered recall is 
dysfunction in verbal processing (p. 341). 


Regarding verbal processing deficiencies, Vellutin©O (1977) states that 
",..poor readers neither code (label) nor synthesize (chunk) information 
for effective storage and retrieval as readily as average readers because 
of problems in one or more aspects of language (p. 341)." According to 
Vellutino (1977, p. 348), the aspects of language which may be deficient 
in poor readers are semantic (linguistic coding and retrieval of informa- 
tion), syntactic (deficiencies in grammatical competence), and phonologi- 
cal (grapheme-phoneme correspondence). This then is Vellutino's explana- 


ELOMsOLereading disability. 
Variability in Reading Difficulty 


In a review of recent research on reading disability, Torgesen (1975) 


discusses studies on deficiencies related to visual-perceptual functioning, 


perceptual motor functioning, memory functions, verbal abilities, inter- 
modal integration, learning ability and attention. He then states that 
"Derhaps the strongest conclusion from the preceding review is that the 
reading-disabled population of children may be differentiated from those 


who learn normally on a broad variety of performance measures (p. 412) ." 
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Vernon (1977, 1979) would agree since she suggests that reading disabili- 


ty is not a unitary phenomenon. 


As proposed by Vernon (1977, 1979), good research in grouping poor. 
readers according to deficiencies would take into account the various 
steps required in learning to read. In her 1979 article she suggests that 
reading involves the acquisition of a succession of skills and that dif- 
ferent types of retarded readers may be classified according to deficien- 
cies displayed at different stages in the acquisition of reading skills 


as outlined below: 


bys analysis of complex visual shapes, 

Ze analysis of whole-word sounds into phonemes, 

te making simple regular grapheme-phoneme associations, 

4. grasping irregularities in grapheme-phoneme associations, and 
Si grouping single words into phrases and sentences. 


Tuts .conuceptua lization. weading, Gisability 1s) in. accordance with clin— 
ical and experimental work that delineates various subtypes of problem 
yweaders.. Empirical research on subgroups of reading difficulty is. the 
next topic for discussion and will conclude the section on general 


features. Three of these studies will be reviewed. 


Subgroups of Problem Readers 


Aceosaing to .woder. (LO/ Ly whas.. developmental wWyslexia sis diagnosed 
insonesor, more of «the; followingawayss) (1). by 1a process Of exclusion, 
(2), windinectly » on the: basis cits neurological,ern psychometyic concom-— 


itants, (3)...directly, on, the basis of the, frequency and, persistence of 
Gertainetypes.of errorssin reading and spelling (p43 )2944= 3295). >. ihe 

diagnostic approach Boder uses is an extension of direct approaches and 
an approach which demonstrates that children with developmental dyslexia 


are heterogeneous, etiologically and clinically. On the basis of 
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diagnostic reading-spelling patterns, Boder classified children with 


developmental dyslexia into the following three subgroups (p. 299): 


GROUP 1. Dysphonetic Dyslexia - Reading-Spelling pattern reflects 
primary deficit in symbol-sound (grapheme-phoneme) inte- 
gration and in the ability to develop skills in phonetic 
word analysis-synthesis. 


GROUP 2. Dyseidetic-Dyslexia (Gestalt-blind) -- Reading-spelling 
DAbLerny renlectes primaeryrdeticiut fin thelmabality Geomper— 
ceive letters and whole words as configurations, or vis- 
ual Gestalts. 


GROUP 3. Mixed Dysphonetic-Dyseidetic Dyslexia (Alexia) -- Reading- 


spelling pattern rerlects primary deficit both) in ability 
to develop phonetic word-analysis skills and ability to 
perceive letters and whole words as visual Gestalts. 


Characteristic reading-spelling patterns of each subgroup are described 


Dy, Bodemealoyiy Dp. S0Ig— Bes). 


FOL example, dysphonetic dyslexic children read words globally 
rather than analytically and when they confront words that are not in 
their sight vocabulary they may guess the word from contextual cues but 
do not sound out or blend letters and syllables of a word. - Dysphonetic 
dyslexic children spell by sight alone and not by ear. Typical reading- 
spelling errors may be termed semantic-substitution errors: "funny" for 
WLaugiiesws OMe: LOLA oUse! Wome numan for “personse® Wyselderic ichin— 
dren read analytically and by ear sounding out combinations of letters. 
Their reading can be laborious and choppy. Dyseidetic spellers spell 
by ear but since their misspellings are phonetic, the original word can 
Usually pe identified, Thus, they: may writer lair more laugh! ,burd! 
for bird! fon “onki’y for “uncles -serAnd mixed: dysphonetic-dyseidetic 
dyslexics are the most severely handicapped of the three subgroups. 

They cannot read on sight or by ear. Characteristically these children 
are both nonreaders and nonspellers. Their misspellings appear bizarre. 
From a sample of 107 dyslexic children (8 - 16 years old), Boder found 
that 63% were dysphonetic, 9% were dyseidetic, and 22% were mixed dys- 


léxics. Concerning remedy, Boder states that ©... these three patterns 
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-- because they reflect functional assets as well as deficits in the 
central visual and auditory processes prerequisite to reading -- have 
prognostic and therapeutic implications, differing for each of the three 
subtypes (p. 319)." Aaron (1978) provides empirical support for Boder's 


Glass tht catvon. 


Another categorization of reading disabled children is proposed by 
Mattis, French, and Rapin (1975). They also suggest that children with 
severe reading problems have differing patterns of deficits in higher 


cortical function. As stated by Mattis et al. (1975): 


The underlying assumption is that if the development of fluency in 
reading requires the complex integration of several input, output, 
and mediating processes, then a deficit in any given critical pro- 
cess would impair the learning of this complex skill. There should 
therefore exist separate subgroups of dyslexic children who mani- 
fest differing clusters of deficiencies, each of which limits the 
development of a specific sub-process necessary for the acquisition 
of-reading SKkgEvIN (ots lol) 


To test such an assumption Mattis et al. conducted a study which included 
an examination by a pediatric neurologist and the administration of an 


extensive battery of neuropsychological tests. 


The sample selected for the Mattis et al. (1975) study included 113 
eiitarene (5° —" lO-vyears ola),  tney divided the childrens intor tnree=croups: 
those with brain damage who could read (n = 31), those with brain damage 
who were dyslexic (n = 53), and those without brain damage who were dys- 
lexic (n = 29). Mattis et al. (1975) found that the developmental dyslexic 
and the brain-damaged dyslexic were very similar on the measures used in 
the study.” “in addition, they found three separate patterns of deficits 
in the dyslexic sample: 1) language disorder, 2) motor-speech diffi- 
culty, and 3) visual-spatial perceptual disorder. The separate syndromes 


(accounted for 90% of the dyslexics) were described as follows (p. 155, 157): 
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ie Language disorder -- these children had a lower verbal than 
performance I.Q. and obtained the lowest reading and arith- 
metic scores of the three groups. As a group, these children 
had normal visuo-perceptual, graphomotor, and speech blending 
abilities. Forty-three percent of the brain-damaged dyslexics 
and 28% of the developmental dyslexics were classified in 
this group. 


2 Speech and graphomotor dysco-ordination -- children classi- 
fied in this group had only slight differences between verbal 
and performance I.Q. Reading and arithmetic scores were some- 
what higher than those found in the other two groups but spell- 
ing was lower. Language functioning and visual perception were 
intact. Thirty percent and 48% of the brain-damaged and devel- 
opmental dyslexics were classified in this group, respectively. 


3 Visual-perceptual disorder -- children in this group scored 
lower on the Raven's Coloured Progressive Matrices Test than 
the performance 1.0. of the WISC. These children were also 
deficient on the Benton Test of Visual Retention. This group 
was composed of the smallest number of children -- 17% of 
brain-damaged dyslexics and 14% of developmental dyslexics. 


According to Mattis et al. (1975), "the results support a model of dyslexia 


as being caused by multiple independent defects in higher cortical func- 


twoning, «as 1opposedacomastheory Of a single causal defect (p. 161)." 


A third study (Lyon and Watson, 1981) on empirically derived sub- 
groups of learning disabled readers used a cluster analysis procedure 
Comidentityesubgroupsrof children ini terms’ of performance On a battery 
of eight language and perceptual tests. There were 100 specific learn- 
ing disabled and 50 normal readers tested in this study. Of the 100 
disabled readers, 94 were classified into six distinct subgroups. These 


subgroups are described by Lyon and Watson as follows (p. 260): 


BLY Chitdvem in 'subgrotipel Stl)" displayedvdetie. tein anguage 
comprehension, auditory memory, sound blending, visual-motor 
integration, visual-spatial and visual-memory skills. These 
children are like Boder's (1971) mixed dysphonetic-dyseidetic 
dyslexics. 
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Oe The mixed deficits exhibited by subgroup 2 (13%) in language 
comprehension, auditory memory, and visual-motor integration 
skills corresponds to a mild form of Boder's (1971) combined 
dysphonetic and dyseidetic dyslexic. 


ce The problems manifested by subgroup 3 (13%) in language com- 
prehension and sound blending indicate a language disorder 
with both receptive and expressive components. Children in 
this subgroup are similar to the language disorder group de- 
scribed by Mattis et al. (1975) and the dysphonetic dyslexic 
group identified by Boder (1971). 


4, Reading impairments of children in subgroup 4 (34%) are due 
to deficiencies in visuoperceptive capacity rather than lang- 
uage-based deficiencies. This subgroup resembles Boder's 
(1971) dyseidetic dyslexic and Mattis et al.'s (1975) visual- 
perceptive dyslexic group. 


oe Children in subgroup 5 (13%) had deficits in retention, syn- 
thesis, and expression of sound and word sequences. They were 
poor at remembering and sequencing auditory information. 


6 The pattern of scores obtained by members in subgroup 6 (17%) 
indicates a normal diagnostic profile. Perhaps social, motiva- 
E10nal, On pedagogical actors account for reading dirricyuity 
in this subgroup. 


One area that needs more research, according to Lyon: and@wWatson, -is "that 
on the stability or instability of subgroup patterns across age groups. 


The developmental aspects of reading disability will be discussed later. 


Considered together, the three studies above make a strong case for 
matching treatment with the specific pattern of deficits displayed by a 
particular subgroup of reading disabled children. Dalby (1979) states 
that "2. 28the identification of ‘patterns of abilities is "not only vessen- 
tial for individual remediation but is the keystone to neuropsychological 
investigations (p. 242)." Many studies which attempt to define subgroups 
of reading disability use neuropsychological test batteries for that same 
purpose. Neurological aspects of reading disability is the next topic 


for discussion. 
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Neurological Aspects 


A complete or thorough description of children with reading diffi- 
culty would include findings from neurological or neuropsychological re- 


search. Gaddes (1980) takes this one step further: 


No one theory is complete or necessarily valid, but the best avail- 
able knowledge should be used to develop a theory constantly open 

to review and revision in light of new experimental evidence. Sim- 
ilarly, no one remedial practice is appropriate for treating all 
behaviour or learning problems. For the child with a serious or 
subtle learning disorder, neuropsychological diagnosis for under- 
standing the nature of the child's problem, and behaviour manage- 
ment techniques for treating it; are probably the best at this point 
in our knowledge (p. 15). 


The stance taken here is that neurological aspects of reading disabled 
Children can no longer be ignored. That is, as stated by Gaddes (1980), 
"to view the learning disabled child scientifically and objectively we 
Cannot afford to exclude any area of tested knowledge or any form of re- 
mediation that promises possible help to the child (p. 323)." After re- 
viewing various issues and problems facing researchers who study and in- 
terpret brain influences in reading disabilities, Dalby (1979) concludes 
that "there is sufficient evidence to implicate atypical brain function 

aS a source of reading difficulties in children with normal intelligence 
(p. 257)." The main purpose here is to highlight information from research 


on neurological deficits associated with reading difficulty. 


According to Benton (1975), “conceptions of the basic: abnormality 
underlying developmental dyslexia fall into two broad categories: those 
that postulate a focal maldevelopment of the brain, and those that emph- 
asize a cetect in the overall) organization of cerebral function (po 951)" 
The focal maldevelopment theories have, in the past, implicated the cere- 
bralsareas of the left angular gyrus and bilateral parietal lobes as being 
defective in dyslexic readers. The left angular gyrus has been thought 
to be the center for visual memory of words and letters. And the inferior 


posterior parietal area of the’ cerebral cortex can’ serve "as a point of 
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confluence for visual, auditory, and somesthetic impulses from the assoc- 
lation areas concerned with these sensory modalities and hence can serve 
the role of integrating information from them (Benton, 1975, DeESZhs" 


Benton goes on to state the following: 


The correlation between capacity for intersensory integration and 
reading skill has been the subject of intensive study in recent years. 
Through such a mechanism, faulty or retarded development of the pos- 
terior parietal region may prove to be the structural basis for spec- 
PEic rallure to Learn slo. read. (p. 31). 


The other theory -- defect in the overall organization of cerebral func- 
tion -- was first proposed by Orton in 1925. The theory has been altered 
and gained sophistication since Orton's time largely because more elabor- 
ate methods of assessing cerebral function have been developed subsequent- 
ly. Cerebral functional organization (hemispheric specialization) and 
reading disability will be dealt with in the next major section of the 


present review. 


Some neurological theorists (e.g: Aaron et al, 1980; Benton, 1978; 
Mattis, 1978) propose that it may be instructive to compare aquired alexia 
(usually displayed by adult patients who lost the ability to read as a 
result of brain damage) with developmental dyslexia (children who fail 
to acquire reading at the expected rate). There are various types of 
alexia (Albert, 1979; Benton, 1975; Gaddes, 1975; Geschwind, 1962; Hecaen 
and Kremin, 1976; Mattis, 1978). A brief review of Albert's article will 
serve to highlight these types of acquired alexia. Albert (1979) defines 
alexia as "... an acquired inability to comprehend written language, as a 
consequence of brain damage (p. 59)." He states that "... for all the words 
that have been written, virtually all authors agree that there are two 
principal varieties of alexia: alexia without agraphia versus alexia with 


agraphia (p. 65)." Albert then describes these two alexic syndromes: 


ie Alexia without agraphia -- this syndrome includes impaired com- 
prehension of written language, impaired ability to copy, and 
acalculia. Oral language is normal or nearly normal and both 
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writing and spelling are normal. Subtypes of pure alexia are 
literal alexia (cannot read letters but can read words), verbal 
alexia (unable to read words but can read and identify letters), 
alexia for sentences (cannot read sentences and paragraphs but 
can read letters and words), and global alexia (inability to 
read letters, words, and sentences but can read digits). Accord= 
ing to the disconnection theory, a lesion in the left visual 
area prevents visual stimuli entering to the left hemisphere 
from reaching the left angular gyrus which is necessary for 
reading, while visual stimuli which enter the intact right hem- 
isphere are prevented from reaching the left hemisphere because 
of the destroyed splenium at the corpus callosum. Most cases 
of pure alexia result from cerebrovascular lesions. 


ae Alexia with agraphia -- There are two types of alexia with ag- 
raphia (alexia-agraphia and aphasic alexia). Patients with 
alexia-agraphia cannot read long words or long sentences (verbal 
alexia) and disorders of writing are severe. Associated find- 
ings are apraxia and acalculia. Alexia-agraphia is associated 
with lesions of the left angular gyrus. The reading disorder 
of aphasic alexias may be like the literal alexic (cannot read 
letters but can read words)or like the verbal alexic (cannot 
read words but can read letters) depending on the location of 
the lesion. Writing is always defective. Associated deficits 
include acalcultavand va variety of oral. language distuxzbances: 
In aphasic alexia the lesion includes the left angular gyrus 
and extends to involve the posterior temporal region (pp. 66 - 75). 


It is interesting to compare developmental dyslexia with acquired alexia 


but, obviously, more work is required to make such comparisons more tenable. 


A final matter for discussion on neurological aspects of reading diffi- 

culty is the conceptualization of developmental dyslexia by Jorm (1979). 

He suggests that developmental dyslexia is a genetically-based dysfunction 

of the inferior parietal lobule, a region important in both reading and 
short-term memory. According to Jorm, developmental dyslexics have diffi- 
culty in accessing the meaning of written words via phonological recoding. 
Moreover, this difficulty with phonological recoding 1s explained, by Jorm, 

in terms of a short-term memory deficit. Jorm (1979) suggests that studies 

on visual evoked potentials and studies on the development of the human 


brain confirm his position. “In addition, he states the following: 
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A fully adequate theory of the neurological basis of dyslexia should 
be able to show that: (a) the neurological system hypothesized to 
be involved in the disorder is crucial to those components of the 
reading process which are affected in dyslexia, (b) this neurolog- 
ical system is also crucial to the fundamental cognitive process 
which is deficient in dyslexia, and (c) this neurological system fs 
does not function normally in dyslexics. I will show that the theory 
advanced in ehissarticles fui ile valieor these criteria (p.5 Zo). 


This concludes the discussion on neurological aspects of reading diffi- 
culty. The purpose of considering neurological aspects was to argue in 
favor Of including these factors £or a thorough description of reading 
disability. Some work in the neurological area was highlighted. The 
nextwandsrinal LOpic Of inclusion for the deseription 2s an amportane 


one -- developmental aspects of reading difficulty. 
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Developmental Aspects 


For a thorough description of reading difficulty, developmental 
aspects need to be included as well. A major consideration here is whe- 
ther or not deficits associated with reading difficulty are different for 
different age groups. Another concern is whether or not reading diffi- 
culty in older children could have been predicted on the basis of some 
indicator when they were younger. A third issue relevant to developmen- 
ealeaspeces Of reading ditiiculty is the transiency or intranszency of 
the disorder. That is, can reading difficulty best be characterized as 
developmental delay which-is transient and which can be "outgrown" or is 
reading difficulty an intransient deficit for which total recovery rarely 


occurs? These topics will now be discussed. 


Regarding possible changes in deficits associated with reading dif- 


£tculty, Torgesen (1975) states the. following: 


7s alechoughwany conelusivons about underlying process deticits muse 
remain tenuous, there is evidence that the tasks which differentiate 
between normal and retarded readers are different at different ages. 

on) Clearer understanding ery age-related changes) an the factors 
associated with reading problems can best be attained through the 
use of developmental paradigms in reading-disability research. 
Both Longitudinal studies, which chart the development of a single 
sample of children through time, and cross-sectional designs, which 
compare the performance of different age groups at one point in time, 
would contribute significantly to a more comprehensive understanding 
of deficiencies associated with reading failure (p. 421, 422). 


Accordingly, some cross-sectional and longitudinal studies will be present- 
ed next. The topics of change, prediction, and transiency will be dealt 


with in the context of these studies. 


Vellutino,. Smith,, scteger, ancskaman (1975) conductedia cross-sectional 
study to determine if reading disability can be best explained by a percep- 


tual-deficit hypothesis or by a verbal-deficit hypothesis for children at 


different age levels. Since Vellutino prefers the verbal deficit hypothesis 


(Veliuting, 1977, 1978, 1979), he and his associates hypothesized that: both 
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young and older reading disabled children would be poorer than normal 
readers with respect to verbal encoding but that there would be no diff- 
erence in visual encoding comparing reading disabled to normal readers 
ae two grade levels. For this Study, S4 children (21 poor and 21 normal 
readers in grade 2 and grade 6) were presented with tachistoscopic expo- 
sures of both verbal and nonverbal stimuli and were asked to identify 
and/or reproduce them both orally and graphically. As predicted by 
Vellutine et al (1975): 


Poor readers in both second and sixth grade performed as well as 
normals in the immediate visual recall of geometric designs having 
no (specific) linguistic referents. They also manifested consider- 
ably greater accuracy in copying, and naming letters in words than 
they did in pronouncing those same words (e.g., loin/lion; was/saw). 
Moreover, the performance of poor readers on letter reproduction and 
naming closely approximated that of normal readers but was uniformly 
inferior to normals in word identification and spelling. Similarly, 
poor readers daffered £Lrom normals on the types of errors they made 
only in the case of oral encoding but not in graphic reproduction 
(ps 492). 


The experimenters suggest that the results provide indirect evidence for 
the possibility that reading disability occurs because of a verbal media- 


Glontdaeserdeswatl both) agewievells:. 


On the other hand, different results were obtained from a cross-sec- 
tional study conducted by Sobotka, ets uLibiL, fBiael Pores (1977). Waeyy 
compared psychological test performance of 24 dyslexic boys and 24 normal 
readers using four age levels (7, 9, 11, and 13 years). "All children were 
administered a psychological battery composed of measures of perceptual 
and perceptual-motor abilities (WISC Performance I1.Q., Bender-Gestalt, 
and an auditory-visual integration test) and of verbal-cognitive skills 
(WESCaVerbal 1.O., two. dichoticulistening tasks, and jastest on worderiu— 
ency. (cobotkamet! alyabstract ps oo3)e Vhesresulte or the testing ~e- 
vealed that verbal differences between dyslexic and normal readers were 
found at all age levels but nonverbal differences between the two reading 
groups were found only at the youngest age (p. 366). Sobotka et al. (1977) 


conclude that "...the perceptual-motor deficits found in the younger 
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dyslexic children on performance tasks decrease over time. Thus, devel- 
opmental differences supporting the maturational-lag hypothesis were seen 


eongneonverbalstaskseonly (pp ie3660=6367) ." 


The two studies reviewed above found similar results regarding verbal 
differences between reading disabled children and normal readers at both 
younger and older age levels. However, the studies differ regarding non- 
verbal tasks. The Vellutino et al.study found no differences between good 
and poor readers at both age levels while the Sobotka et al.study found 
significant differences between good and poor readers on nonverbal tasks 
at age 7, only. As shall be discussed, longitudinal studies have addressed 


these same issues. 


Paul Satz and various associates have written a number of articles 
about a.longitudinal study on reading disability (Fletcher and Satz, 1980; 
Batzeanad Pricl, 19/74 satz ana gricl, V978> Saez, Priel and Rudegeair, 

1974 ;eeatz eFrielsanderudegeairt, 1976;,Satz,seRardinwand, Ross 5.19/71; .Satz 
andsoparrow, 19/70; Satz, taylor, Friel ~and Pletcher, 1978; “Sparrow, ana catz, 
i970 Sand Lay lOrpe SAbzeandetriel ,~ko/9).. Satzye.Rardin,-ancdiRoss «19 71) 
discuss a theoretical formulation of specific developmental dyslexia and 


propose the following hypothesis (p. 2013): 


Hypothesis: ice. Younger) dyslexic, children. will. besmore, delayed, in, vis- 
ual-motor integration and auditory-visual integration than younger 
conrrolechisdren; 


Hypothesis 2: Older dyslexic children will not be more delayed in 
visual-motor integration and auditory-visual integration than older 
control children. 


Hypothesis 3: Older dyslexic children will be more delayed in lang- 
uage integration skills than older control children. 


Hypothesis 4: Younger dyslexic children will not be more delayed 
in language integration skills than younger control children. 
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Satz, Rardin, and Ross found substantial confirmation for Hypotheses 2 and 
3 and partial confirmation for Hypotheses 1 and 4. Such results would 


justify a close look at their theory. 


The theory formulated by Satz and his associates is explained in Satz 
and Sparrow (1970) and Sparrow and Satz (1970). Excerpts from Satz and 
Friel (1974) will highlight the theory under scrutiny: 


The Theory postulates that developmental dyslexia is not a unitary 
syndrome but rather reflects a lag in the maturation of the brain 
which delays differentially those skills which are in primary ascen- 
dancy at different chronological ages. Consequently, those skills 
which during childhood develop ontogenetically earlier (e.g., visual- 
perceptual and cross-modal integration) are more likely to be delayed 
in younger children who are maturationally immature. Conversely, 
those skills which during childhood have a later or slower rate of 
development (e.g., language and formal operations) are more likely 
to be delayed in older children who are maturationally immature. 
Briefly, the theory is compatible with those developmental positions 
which postulate that the child goes through consecutive stages of 
thought during development, each of which incorporates the processes 
of the preceding stage into a more complex and hierarchically inte- 
grated form of adaption (Piaget 1926, Bruner 1968). 

This evolving developmental process, however, is postulated to be 
delayed in those children who are maturationally immature. As a con- 
sequence, the child lags in those developmental skills which have 
been shown to be crucial to the early phases of reading -- learning 
to differentiate graphic symbols (Gibson 1968) or perceptual discrim- 
imation of letters (hurrvasl966): 

Thus, the theory postulates that those developmental skills which are 
in primary ascendancy during the preschool years are, if delayed, more 
likely to forecast later problems in reading and writing by grade 1 
and 2. This position eschews a disease model (e.g., brain damage) 
and attempts to explain the reading disorder within the context of 

a developmental model -- the lag in brain maturation is treated as a 
hypothetical construct (pp. 437 - 438). 


Having highlighted possible hypotheses and the theoretical formulation of 
Satz and his colleagues, some findings from their longitudinal study will 
be presented next. In short, their position is that correlates of reading 
disability change with age, that predictive antecedents of later reading 
disability would likely be skills related to visual-perception and cross- 
modal integration, and that reading disability can best be characterized 


by the maturational-lag hypothesis. 
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For the study under discussion, 497 white male kindergarten children 
were first tested in 1970 and 181 of these were retested in 1976 (end of 
Grade 5). As reported in Fletcher and Satz (1980), tests were used to 
tap sensorimotor-perceptual skills (Recognition-Discrimination, Beery VMI, 
Embedded Figures, Finger Localization), verbal-conceptual skills (Similar- 
ities, PPVI, Verbal Fluency), and verbal-cultural experience (Auditory- 
Discrimination and Alphabet Recitation). Comparing 1970 test predictions 
with 1976 outcomes, the valid positive rate was 86% in the severe reading 
disabled group, 20% in the mild reading disabled group, 64% in the average 
reading group, and 86% in the superior reading group (Satz, Taylor, Friel 
and Fletcher 1978). Hence, predictive accuracy was largely confined to 


the-extremes of the reading distribution. 


Regarding the ranking of predictor variables in terms of their crit- 
erion discrimination,"... the Finger Localization Test ranked highest, 
followed cumulatively by the Peabody, Beery, and Alphabet Recitation Tests 
(Satzeactedal, 19/8, pa s2/)e"= Two or these! tests (Finger Localization sand 
the Beery VMI) loaded on sensorimotor-perceptual skills. As stated in 
Fletcher and Satz (1980), “although perceptual, linguistic, and conceptual 
skills all seemed related to the developmental process of reading acquisi- 
tion, the degree of this relationship changed with age in a manner consis- 
tent with the developmental hypothesis outlined previously (p. 34)." 

Finally, the prognosis of reading disability was found to be very poor: there 


was virtually no improvement in the problem readers between Grades 2 and 


Drisaezeete als, loss, pews4/ ein cact, the disabled readers did not 
wcaten up" with normal readers.) Similar results on prognosis were found 
by Trites and Fiedorowicz (1976). They tested 27 reading disabled children 


at an average age of 11.6 and retested them at age 14.1. Trites and 
Fiedorowicz state that "results of this study point strongly toward the 
conclusion that, in subjects with specific reading disabilities, the 
deficits not only persist with age but tend to grow larger relative to 


their age and grade placement (p. 47)." 


Another longitudinal (follow-up) study on reading disability was 
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conducted by Rourke and Orr (1977). As stated by Rourke and Orr (1977), 
the purpose of their study "... was to determine the relative predictive 
accuracy for reading and spelling performances of a number of measures 
administered during the first phase of a 4-year longitudinal study of 
the neuropsychological abilities of normal and retarded readers (p. 10). 
They selected 23 normal readers and 19 reading retarded children from a 
population of Grade 1 and Grade 2 male students. The subjects were in- 
itially tested and retested 4 years later on the following: Word know- 
ledge (Metropolitan Achievement Test), Reading subtests (Metropolitan 
Achievement Test), the Underlining Test (assesses the speed and accuracy 
of visual discrimination for verbal and nonverbal stimuli), the WISC, the 
PPVT, and the Reading and Spelling subtests of the Wide Range Achievement 
Test. The WISC and MAT were used to classify students in the normal read- 
ing group or in the reading retarded group. Rourke and Orr summarize 


their findings as follows: 


In summary, if confirmed by cross-validation, the results of the 
current investigation would suggest that performance on the Under- 
lining Test is a far more potent means of identifying retarded read- 


ers who are "at risk" (at ages 7 - 8) with respect to eventual read- 
ing and spelling achievement (at ages 11 - 12) than are the measures 
of psychometric intelligence, reading or spelling which were used 
(pa, 19): 


In addition, they suggest that these results offer some support for the 
view of Satz and his colleagues that younger retarded readers exhibit 

poor performance on visual-perceptual and visual-motor tasks as compared 
to that of age-matched normal readers. Finally, Rourke and Orr found that 
three-quarters of the reading retarded group made little progress in read- 


ing achievement over the 4 years of the study. 


A number of conclusions on developmental aspects of reading difficulty 
can be suggested on the basis of the discussion presented above. First, 
it does appear that reading disability is developmental in that it is 
associated with different deficits at various ages. Even though verbal 


deficits may be associated with reading disability at all age levels, 
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one might conclude that perceptual difficulties discriminate between nor- 
mal and poor readers especially at younger age levels. Secondly, predic- 
tion of reading disability is most accurate for the extremes and percep- 
tual tests should besincluded@inethetprediction battery . Thirdly;ethe sprog- 
nosis for reading disability appears to be poor. It would appear that 

the only abilities of poor readers that "catch-up" are perceptual skills. 


Thus; according to Rourke (1976): 


.. the developmental lag position is tenable in the case of fairly 
simple, early-emerging abilities. ... However, until it is shown 
that retarded readers, either as a group or individually, eventually 
"catch-up" in those abilities thought to subserve the reading func- 
ELOne—— end, fOG thabemaecenr untill Titec actually sshownm thacechey 
actually "catch-up" in reading itself -- the weight of the evidence 
would appear to favor a deficit rather than a developmental lag posi- 
TOR Os SO \e 


Finally, Dalby (1979) suggests that the delay-deficit distinction may be 
more academic than real: "it should be evident that the question of def- 
1CLEeOLECClay LS OLELiculi~etosappily seven tO .an individual. —Asmacurational 
Paqgumay xcesult in faulty organization, a deficit. in like manner, brain 
damage in children is rarely static and may result in a delay in develop- 


Mente. 257). 


This concludes the present section of the review on a description of 
reading difficulty. To recapitulate, a number of models on reading ability 
and disability were presented. It was found that the system model better 
describes reading disability than the assembly model and that more complex 
models of reading disability require more complex statistics for analysis. 
Then the verbal-deficit hypothesis was discussed but subsequent information 
on the variability of reading disability tended to favor a multi-dimensional 
approach. Accordingly, research on various types or subgroups of reading 
disability was reviewed. This approach looks very promising. Finally, 
after considering more general features of reading difficulty, specific 
aspects -- neurological and developmental -- were dealt with next. The 
final section of the present review will reconsider the topic of hemispheric 


specialization in specific reference to reading disability. 
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HEMISPHERIC SPECIALIZATION AND READING DIFFICULTY 


The major purpose of the present section is to review a number of 
studies on the relationship between hemispheric specialization and read- 
ing difficulty. The objective here is to determine if one can propose, 
on the basis of existing research, that children with reading difficulty 
are either more or less specialized during cognitive activities than nor- 
mal readers. Special attention will be directed toward studies that com- 
pare an experimental group (poor readers) with a control group (normal 
readers) using various cognitive, neuropsychological, and psychophysio- 


logical methods which are said to tap cerebral asymmetry. 


Prior to presenting experimental research, background information on 
hemispheric specialization and reading disability will be discussed. 
Specifically, information pertaining to historical hypotheses, assumptions, 
and views of prominent researchers will introduce the section. A major 
portion of the present section will then be devoted to a discussion of 
experimental research on hemispheric specialization and reading difficulty. 
Next, approaches to remediation of reading problems will be highlighted. 
Particular attention will be given to remedial approaches which can be 
based on neurophysiological assessment. Two approaches to remediation 
seem compatible with the existing research on the neuropsychology of read- 
ing difficulty -- EEG biofeedback training and teaching strategies. 
Finally, the chapter will conclude with a number of hypotheses drawn from 


the present review of research and literature. 
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Background Information 


According to Harris, four hypotheses on the relationship between 
lateral dominance and reading disability were developed during the 1930's 


and 1940's. Harris summarizes each of these views as follows: 


The most widely known view was that of Orton (1939). He assumed 
that sensory impulses were received by both hemispheres simultan- 
eously, and memory traces were formed that were mirror images of 
each other. If one hemisphere was clearly dominant, the memory 
traces in the nondominant hemisphere would be suppressed and normal 
perception would result. But if dominance were incomplete, control 
could alternate between the two hemispheres, and the result for 
reading would be shifting and inconsistent perception with many 
reversal errors. 


A second hypothesis (Dearborn 1933) placed emphasis on motor con- 
flict- Dearborn stated that in writing we tend to pivot at the el- 
bow and find it easier to move outward from the middle of the body 
than to move across the midline. When the person is not definitely 
right- or left-sided, competing motor tendencies develop that in 
turn produce inconsistent eye movements and confused visual percep- 
PAE NaN, 


Gesell and Amatruda (1941) argued that when mixed dominance is 
accompanied by language disability such as defective speech or read- 
enigudtisability dice is because there eis aineurologicalsderect yor de— 
ficiency in the naturally “dominant side of the brain. “The mixed 
dominance and disability both result from the neurological deficit. 
This view is very much alive today. 


A forth explanation applied only to the small number whose handedness 
has been changed strom lett sto night by the juse, cf «fonce,, punishment, 
or ridicule. it was supposed that not the fact of, change but, the 
method of doing it produced an emotional blocking that disrupted 
Learning s(p.) ose). 


The above hypothes€s suggest that there is a relationship between 
physical laterality (i.e. handedness, eyedness, footedness), cerebral 
Organization, and reading disability. With the advent of more precise 
measurements of cerebral organization (e.g., dichotic listening, tachis- 


toscopic presentation, EEG, evoked potential, rCBF) the emphasis on 
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handedness is diminishing (Corballis and Beale, 1976). Failure to dis-— 
tinguish between physical laterality and cerebral laterality (organiza- 
tion) has led to great confusion in this area of research (Kinsbourne 

and Hiscock, 1978). Moreover, according to Satz (1976), the relationship 
between handedness and reading disability obscures the issue. His state- 


ment on this problem is as follows: 


The presence of directional confusion, incomplete handedness, and 
mixed hand-eye preference represents additional symptoms that have 
been adduced as support for the construct (unobservable) of incom- 
plete cerebral dominance. It is the contention of this paper that 
the second group of symptoms (especially deviant hand and/or eye 
preference), while traditionally the basis of evaluation of the 
theory, are not essential, if even relevant, to the theory (p. 276) . 


Hence, the emphasis for the present review is on the specific relation- 
ship between cerebral organization, not physical laterality, and reading 


Gli seieayewulheyy. 


There are four basic assumptions, explicit or implicit, in nearly 
all studies on cerebral lateralization and learning disability 
(Kinsbourne and Hiscock, 1978). Kinsbourne and Hiscock elaborate on the 
following four assumptions: 

dl Learning disability can be defined adequateiy and is unitary 

OLemonolven re site mabcines 

pa One can specify what is meant by cerebral lateralization. 

Efe The most prevalent pattern of cerebral organization (that is, 

left lateralization of language) is optimal and deviations from 


this norm imply some impairment of function. 


4. Lateralization develops ontogenetically (p. 196). 


After devoting a major portion of their article to a discussion of these 
assumptions, Kinsbourne and Hiscock suggest that the four basic assump- 


tions are unfounded. Their view is that "...the laterality of language 


representation probably has no relevance to language performance (p. 221)." 
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Prior to presenting various experiments on cerebral asymmetry or 
hemispheric specialization and reading disability, the views of two other 
researchers -- Satz and Naylor -- will be considered. Satz (1976) revis- 
its the old problem of cerebral dominance and reading disability by first 
discussing Orton's theory and then reviewing both dichotic listening 
studies and visual half-field studies (tachistoscopic presentation). His 


conclusion is not promising: 


One might ask what light the preceding review of laterality studies 
sheds, if any, on the problem of cerebral dominance and reading dis- 
ability. The answer should be -- not much. The reason for this 
somewhat discouraging view lies in the numerous methodological and 
conceptual problems that continue to plague research efforts in 
this area. With the advent of binaural rivalry procedures in audi- 
tion and tachistoscopic procedures in vision during the 1960's, it 
was hoped that more direct assessment of functional hemispheric 
mechanisms in normal and disabled readers would result. Unfortu- 
nately, the preceding review indicates that answers to this ques- 
tion - and the one posed by Samuel Orton four decades ago - will 
not be available until further progress is made in both methodology 
and theory (p. 288). 


Naylor (1980) does not. appear to be any more optimistic regarding cerebral 


PACSLALUryoeangd Feading OlSabLitty ait G CONnCLUSI On wi coe cimilaArscOesAabzas: 


This review of laterality studies with reading-disabled children 
indicates that there is little evidence either that these children 
are more bilateral than normally reading children in cerebral organ- 
ization or that they have a specific deficit in left-hemisphere 
processing (p. 542). 


Notwithstanding the above views, it would seem worthwhile to discuss ex- 
perimental findings from research on cerebral organization and reading 
difficulty. Furthermore, results from psychometrics, EEG, and evoked 
potential studies will be presented in addition to results from dichotic 
dichhaptic, and tachistoscopic studies. At the outset, it is important 
to realize that the studies to be reviewed are not without limitations 


(see Satz, 1976 and Naylor, 1980 for detailed explanations). 
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Functional Asymmetry and Reading Difficulty 


The topic of functional asymmetry of normal right-handed subjects 
was considered in the first section of the present review. A major 
conclusion drawn from experimental evidence was that hemispheric Special 
ization seemed to be a viable construct with respect to normal right- 
handed subjects. In general, the left hemisphere of the subjects was 
found to be more involved in processing linguistic information than the 
right hemisphere and the right hemisphere was found to be more involved 
in processing non-linguistic information as compared to the left. The 
model proposed was not an "all or none" model but rather one which em- 
phasized a "more or less" relationship. Regarding the development of 
hemispheric specialization, conclusive statements were not posited but 


perhaps an answer may be discovered with better controlled studies. 


Information presented in the second section of the present review 
suggested that certain subskills related to reading follow a developmen- 
tal course;sensorimotor perceptual skills develop or mature prior to 
verbal-conceptual skills. Moreover, some researchers suggest that such 
a developmental sequence is slower in reading disabled children than in 
normal readers. In addition, it was suggested that the poor prognosis of 
children*with reading difficulty would tend to cast «doubt on «the devel- 
opmental lag hypothesis. The next task then is to relate hemispheric 
Sspecializationeto reading difficulty by examining studies on cerebral 


funCrionabvorganizaticon Of poor readers. 
Psychometric Assessment and Reading Difficulty 


Three psychometric studies will be highlighted. The purpose of the 
first study (Guyer and Friedman; 1975) was to test cognitive skills and 
cognitive style in 41 learning disabled and 41 normal children, aged 7.7 
fo.12.7 years Old. The cognitive test battery included the following: 
portable rod-and-frame test, hand awareness test, degree of lateraliza- 


tion, the equivalence test (a measure of verbal conceptual development), 


exee\aiia weibianal to temon to yErtueneres darkroom we. sent i 
aakar ff gious 3 doneers ite 13 negdee eeu Ode ere 
stessegs ~ixtihjerEei gies wr eoittd ys (epeewssene rare? Swe aoléd 
“eke Lingard ctreenee ioe srwereoue vlidealy 6 oth oF tanese 
ane teste gig HF Se Sade Niel KES, eee at .esnepdue & 
auld onal gar davtdentti yite iki tl potaeeeqi: nt Bovlovns eaem aa of 
beavsewh i ial 20 S28 hue ¢aw ‘ww uit mt »' Jy ot? Bae ad = 
er diy ai c Vecmes 2% Aotsbmiohis DIeaqitel-sne piiensoerg mt 
age Woiiwodiey Sacuin” pad stulent "Neon co Lie’ as faq Bow teenage sg Leb 
io, anol eine oar pnklaseon Grlereiisie: “een! 20 erac" a ianessasig 
4j Pee hwiigy 108 Gray eager Stes! ares (och 8) Lepeeag@ Siren mt 
eetbube batt eben: 4 epomd Ati bytmeoe? sé gam eweee ab eqoneg 


“wg ee Jyereey ane oo sie Sparse elr i Saehosen -obtametatl 


ques leiat 4’ Woking pittuns br Gaegiat 2! lasers areteee gads £ 
v3 Itigewagy se gafies® pit ics lwo tQaceq pe See eRIWOS 2 
Wb. 264. 282 e242 dagen? para. (evr im ellive 2° 4a >foD- E 


nd gif oorh) (er Be siieee? cltera c@) speets 2) sotrengiee Lee 

1S Gfeontcisi|, Com ans Seu) heheby ye sew ri, bh at .@ebee 

<genedi'n el te Saray wing) i = gilwce coho Watt onbtaee fiw 
atebdwexwiee axeter oF Spe Soo ct ukatege pel Laban 

Epsesees 80 2h ibare Acbalmnte oo yalv’+ eis etthees um aotveet we 

© erated) ime oO nial | 


BF tet bai st. rad ent 


a 


> 23.6: tel hate oe 
ahd nae 


To 


various left hemisphere tests (auditory sequential memory -- ITPA, verbal 
recognition, verbal closure), and various right hemisphere tests (visual 
sequential memory -- ITPA, visual recognition, and visual closure). One 
note Of caution is appropriate prior, to the discussion of results. That 
is, there is probably no pure measure of left or right hemispheric func- 
tion. Although both hemispheres are probably active during any cognitive 
challenge, one hemisphere may be more active than the other depending on 
the nature of the task. Guyer and Friedman (1975) state a number of re- 


suits from their study: 


The major findings of this study can be summarized as follows: 

(1) No support was found for the hypothesis that learning disabil- 
ity is related to incomplete or crossed hand and eye dominance. 

(2) Confirmation was found for the relationship between body aware- 
ness and field independence reported by Witkin (1962). (3) On most 
tests of cognitive processing, learning-disabled children were found 
to perform as well as normal control children when age and I.Q. were 
controlled. (4) The cognitive processing abilities that were defic- 
ient in learning-disabled children can all be theoretically related 
to left - or dominant-hemisphere functioning. (5) Language devel- 
opment does not appear to be a unitary factor (pp. 665 - 666). 


An interesting, if not plausible, suggestion by Guyer and Friedman is 
that learning-disabled children may be attempting to use a nonverbal 
(earght hemispheric) information processing mode to deal with academic 
tasks. A similar hypothesis has been proposed by Witelson (1977b) which 


will be discussed later. 


A second study using cognitive tests as the dependent variable was 
conducted by Rourke and Finlayson (1978). Forty-five 9 to 14 year old 
children with learning disabilities were divided into three groups on 


the basis of reading, spelling, and arithmetic achievement: 


Group 1: children were deficient in reading, spelling, and arith- 
metic, 
Group 2: children were deficient in reading and spelling but not 
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Group 3: children were not deficient in reading and spelling but 
were deficient in arithmetic. 


The 16 cognitive tests used as dependent measures can be divided into two 
main categories -- verbal perceptual, auditory perceptual and visual per- 
ceptual, visual spatial -- according to Rourke and Finlayson (pp. 125 - 126). 
They found that "the performances of Groups 1 and 2 were superior to that 
of Group 3 on measures of visual perceptual and visual spatial abilities; 
Group 3 performed at a superior level to that of Groups 1 and 2 on meas- 
ures Of verbal and auditory perceptual abilities (abstract, p. 121)." 

One conclusion reached on the basis of the Rourke and Finlayson study was 
Chat sub ects in Group 3) (relative @eficiencies in arithmetic) performed 
as would be expected were they to have a dysfunctional right hemisphere 
and subjects in Group 1 and 2 (relative deficiencies in reading and spel- 
ling) performed as would be expected were they to have a dysfunctional 
left hemisphere. Speculating here, perhaps Groups 1 and 2 are not cereb- 
rally specialized;to process verbal information and Group 3 may not be 
specialized to process visual perceptual or spatial information. At any 
rate, findings from Rourke and Finlayson's study provide. empirical sup- 
port and a possible method for subgrouping different types of children 
Wienilearning disability. ‘The next study also provides evidence for sub— 


Grouping, children having diftticulty in learning to read: 


Dalby and Gibson (1981) investigated functional cerebral lateraliza- 
CLOneinesuporoups,) (Boder s Clascitication) of reading-discablediboyse oa 
12 years old). Once grouped (dysphonetic, dyseidetic, and normal read- 
ing-spelling errors), experimental and control subjects were then tested 
on three experimental neuropsychological measures (hemispheric time-shar- 
ing, conjugate lateral eye movements, and tactile directional perception). 
According to Dalby and Gibson, results from hemispheric time-sharing and 
tactile lateral perception measures demonstrated atypical lateralization 
in the reading-disabled groups. Specifically, the non-specific disabled 
readers (normal reading-spelling errors) displayed a group pattern of 
left lateralization of verbal functions and bilateral representation of 


spatial functions, the dysphonetic was 
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characterized by bilateral organization of both verbal and spatial func- 
tions, and the dyseidetic group displayed bilateral verbal representation 
and right lateralization of spatial functions. According to Dalby and 
Gibson, it is possible that the absence of hemispheric specialization in 
both the dysphonetic and dyseidetic groups may be related to their respec- 
tive dysfunctions. For the hemispheric time-sharing task, normal control 
subjects displayed left lateralization of language and right lateraliza- 
tion of spatial functions. The findings presented here are in accordance 
with the hemispheric specialization hypothesis (normal readers are more 
specialized than poor readers). This hypothesis will be examined by re- 
viewing findings from studies which use more direct measures of cerebral 


organization (dichotic, tachistoscopic, EEG, and evoked potential). 


Dichotic Listening Studies and Reading Difficulty 


Using the dichotic listening technique, both Zurif and Carson (1970) 
and Thomson (1976) found that the dyslexic group showed a less well estab- 
lished dominance of hemispheric function than the normal control group. 

As part of their experiment, Zurif and Carson presented dichotic digits 

to 14 poor and 14 normal readers in Grade 4. In contrast to the normal 
readers who showed a right ear superiority, the dyslexics tended to be 
better in reporting material delivered to the left ear. In other words, 
normal readers tended to use their left hemisphere more than their right 
hemisphere during the dichotic digits task while the dyslexics did not. 

The experimental procedure used by Thomson was dichotic presentation of 
digits, words, reversible words (saw/was), similar words (Dag /pig) F and 
reversible nonsense syllables (mag/gam) to 20 poor and 20 normal readers 
aged 9 - 12 years old. Thomson (1976) found that "the control group showed 
the right ear superiority effect for digits, words, reversible and similar 
words. The dyslexic group showed no difference or a left ear superiority 
for these tests, and a right car effect for the nonsense syliables (abstract, 
p. 243)." The lack of cerebral specialization inferred from performance 


on dichotic listening tasks may be related to reading disability. Both 
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of the above studies did not separate subjects into different age groups 
which is, as has been argued previously, important in research on reading 


Gisabulyvcys 


The next studies are developmental experiments ON dichotic listening 
and reading difficulty. Bakker (1973) presents and discusses a number of 
dichotic listening experiments on normal and poor readers. In general, 
Bakker and his associates found that each stage in the learning-to-read 


process is characterized by an optimal lateralization pattern: early 


reading (age 7) requires no dominance, in between stages (age 9) require 
a moderate degree of dominance, and fluent reading (age 11 and above) 
requires maximum dominance (p. 25). In addition, Bakker found that poor 
readers (age 9 - 13) were similar to normal readers two years younger 
With respect to dominance of function or hemispheric specialization. Re- 
ferring to these studies in a later publication (Bakker 1979a), Bakker 
points out that inferences regarding the relation between side of lateral 
preference and reading proficiency were not made since ear asymmetry was 
analyzed in terms of absolute between-ear differences (p. 140). However 
in subsequent experiments Bakker and his associates considered left and 
right ear advantage. They found that early reading is less dependent on 
left hemispheric functioning than advanced reading (Bakker, 1979a). As 


stated by Bakker: 


Left and right representations of language are associated with dif- 
ferent reading strategies, especially at younger school ages. Ini- 
tiabereading is psycholinguistically one thing; advanced reading 
another. This distinction seems to parallel a neuropsychological one: 

a left hemispheric representation of language subserves advanced 
reading; a right hemispheric representation subserves initial read- 

ing. Thus functional maturity of the right hemisphere may be of 
importance to the early stages of the learning-to-read process (p. 143). 


Finally, Bakker's view on dyslexia is presented at the conclusion of yet 
another *publication {Bakker e1979b). ~ Bakker” (1979b) “Suggests that Chere 

are two dyslexias (p. 98): "reading problems may originate either from a 
premature application of syntactic-semantic strategies, usually generated 


by the left hemisphere (type I dyslexia), or an excessive and persisting 


an 2 


7 


a Cais exotiden stAseQue eer hae 
onions itn eterna i 


ition AstAbet ope inineieeisaut eos 
ty wdrtank Seieee Pap wer) RL) aaeion . CT inkIEEe & 
ese ty oe poe 4 Linens se mene seqne yates 
Bikesmcretettprehel @! epdte ftom Jere trad! sete toorra 
vives <.gerng ete, £95685) (ervey as Ye ten p2SfaexenD | 
eiages 'P =) MPUEN  AtoAP 4 .Peeteeeh on awtiapes (fF ene): 
eves. haste aay Ailes) 3agai? oh conan fe sexpet 
tam Zaa? best waters chi 2itee no .) = .q) eofmenienl goatee a 
stint tgley Ga) Ryihiwt fetek = wlisie axew (=f deter 
<2 to asf etnege Se oye tap to maitet.? £9 esaaniake oF . 7 
sett Ghat) HAOesEtids soon. 2 44 seioute sendy og = 
Legesed 10 aOae NAMETe! fol feo ges Srit=cgnt eeooeielns Iacs jue etntog 
sg@ Cereutyen tad a24\> sae ten ween Yoon jowy Paiiass hoe eodpiatesd | 
seen «. HOLE He to Be): ip men feay*ai of iogde Io ees at beryhems ~ 
qe 25¢t Geeipenes B24 Aeddp aay! 4) “« ott atommt noite yovsscyevediee feb 
os Teicieget ang dd aati a> pies cell? us 06 Gel® eparasvda ss0 migts + 
G2 .AdR TES cutee eye tee Tiaigh wei ¢ o06et oan _sewedonetineet, Ber 
wetand 4c hetate |, 
wy krone ©. a 
‘b> shoutout | 


y  paspetepte paz 
fees lLipih aise a> tae 


et, ue ae osadzona oft 


te? A | 
ats 


application of spatio-perceptual strategies, usually released by the 
right hemisphere (type II dyslexia)." Bakker's analysis is important 
for three reasons: 1) it suggests that the right-ear advantage (REA) 
for dichotically presented verbal information may not be beneficial 
for all stages of reading, 2) it fits well with the developmental 
sequence of the learning to read process and with other developmental 
theories: of reading disability (eg. Satz), and 3) it may provide 
a rationale for subgrouping types of reading disability on the basis 


Of serebral jorganization’. 


On the other hand, a study by Obrzut, Hynd, Obrzut, and Leitgeb (1980) 
lends support to the notion that cerebral lateralization is not a develop- 
mental phenomena. The experimenters used time-sharing and dichotic listen- 
ing techniques to examine cerebral lateralization for language function in 
48 normal and 48 learning-disabled children. Subjects were divided into 
Cheeegage slevelsoa(/—0.-toes—5745-ontos.0—-4, randel0-—5 to li Pievyearsy 
Obrzut et al. found that both the normal and learning-disabled groups demon- 
strated left lateralization of language and no developmental trends were 
evicenta(p.) 189)..-.The conclusion reached fromethis,study is that .a lack 


Sp hemispherieyspecializacion may not be related éto learning disability. 


A final study on dichotic listening was conducted by Newell and Rugel 
(1981). They dichotically presented digits and melodies to 32 right-handed 
male disabled readers and 32 right-handed male normal readers. Subjects 
were divided into young (9 to 10 years old) and old (11 to 12 years old) 


groups. Newell and Rugel summarize their results as follows: 


On tthe dichotic digits test, both) normals and«disabled, seaders showed 
the right ear left hemisphere superiority typically found with ling- 
uistic information. In addition, the deficit of disabled readers 
relative to normals was with the left ear thus suggesting a right cere- 
bral hemisphere deficit. Additional evidence for a right cerebral 
hemisphere deficit is present in the melodies test. On this task a 
left ear right cerebral hemisphere superiority was found with the nor- 
mals as is typically the case with musical information. However, dis- 
abled readers showed a right ear superiority suggesting dominant use 
of the left hemisphere in processing musical information normally pro- 
cessed by the right cerebral hemisphere. This also is consistent with 
thesniotion of a Light nemisphere deficit in ’disabled readers. (op. 9297). 
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The controversy continues. Bakker and Obrzut et al.come to different con- 
clusions regarding development and reading difficulty. Moreover, results 
from the study by Newell and Rugel were not in accordance with those found 
by Zurif and Carson and by Thomson. The resolution of the issue may re- 
quire carefully controlled studies which use a combination of experimental 
techniques (dichotic, tachistoscopic, EEG, and evoked potential), divide 
disabled readers into subgroups, and divide subjects into different age 


levels. The next topic for discussion is experimental research on reading 


disability and hemispheric specialization using the tachistoscopic technique. 


Tachistoscopic Studies and Reading Difficulty 


Studies which use the tachistoscopic technique to investigate hemis- 
pheric specialization and reading difficulty have found conflicting results, 
as well. Some studies have found that normal and poor readers are not dif- 
ferent with respect to cerebral asymmetry (McKeever and Huling, 1970; 
McKeever and Van Deventer, 1975; Yeni-Komshian, Isenberg, and Goldberg, 
1975). Other studies have found that poor readers are less specialized 
than good readers in processing verbal information (Marcel, Katz and 
Smith, 1974; Marcel and Rajan, 1975; Kershner, 1977). Finally, findings 
from a cross-sectional developmental study (Olson, 1973) suggest that 
younger disabled readers are less specialized than younger normal read- 
ers but that older disabled readers are just as cerebrally specialized in 
comparison to older normal controls. A brief presentation of findings 
from each of these studies will serve to confirm the controversy. Recall 
that a strong right visual field advantage (RVF-Ad.) for linguistic— 
sequential information is the expected specialized pattern and a 
strong left visual field advantage (LVF-Ad.) for spatial-holistic infor- 


mation processing is expected. 


Pertinent findings from the studies mentioned above regarding tachisto- 


scopic presentation of information to poor and normal readers are as follows: 


Le McKeever and Huling (1970) -- Words directed to the Jeft cerebral 
hemisphere (right field words) were recognized significantly 
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more often (P<0.005) in both groups (grade 7) than words chan- 
nelled to the right hemisphere (p. 600). 


2". McKeever and Van Deventer (1975) -- ...findings are compatible 
only with the conclusion that the dyslexics, (age 12.9 to 13.9 
years) like the controls (age 12.7 to 13.7) are characterized 
by left hemisphere language specialization (p. 374). 


oie Yeni-Komshian, Isenberg, Goldberg (1975) -- The findings con- 
cerning the laterality differences between the two groups 
[good (age 11.8) and poor (age 12.8) readers] seem to contra- 
dict the hypothesis that disabled readers are not as well 
lateralized as normal readers (p. 91). 


Al. Marcel, Katz, Smith (1974) -- Five-letter words were presented 
ivlaterally tCtomlertrorerignt of aveixatLlon point. =subpjects 
were 7.6 to 8.7 years old. Good readers showed greater right 
over left field superiority than poor readers (p. 131). 


Dis Marcel and Rajan (1975) -- Five-letter words were presented in 
one session and unfamiliar faces in a second session a week 
later. Subjects were 7 - 9 years old. In the first task good 
readers showed greater right field superiority than poor read- 
ers. iIn the second task, a left visual field superiority was 
demonstrated for faces, but the extent of this asymmetry was 
not related to reading ability nor to the extent of lateral 
asymmetry in word recognition (p. 489). 


Ga Kershner (1977) -- The results show that children with reading 
disability (age 10) compared with fluent readers (age 10), 
when tested tachistoscopically under bilateral conditions have 
a lower right-over left-field advantage in word perception 
(p. OS): 


then Olson (1973) -- Children aged 7 - 11, with normal reading abil- 
ity showed a right visual field preference for word recognition 
whether words were presented to each field singly or simultan- 
eously. A heterogeneous group of delayed readers showed simi- 
lar findings including an enhanced right, tieldsorerer ences ror 
bilateral field presentations. A young group of delayed read- 
ers (aged 8 - 9) without known physical, intellectual, emotional 
or cultural deficits failed to show any field superiority, sug- 
gesting an effect of delayed cerebral maturation (p. 343). 


Older children were selected for the studies which failed to find differ- 
ences between good and poor readers in terms of hemisphere specialization 
(McKeever and Huling, 1970; McKeever and Van Deventer, 1975; Yeni-Komshian 


et al, 1975). And three of the studies which suggest that good 
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and poor readers differ in terms of hemispheric specialization (Kershner, 
1977; Marcel et al, 1974; Marcel and Rajan, 1975) used younger subjects. 
Hence, the age"of participants may account for the conflicting findings. 
One final study on perceptual asymmetry and reading difficulty 
was conducted by Witelson (1977b). Unfortunately, Witelson did not 
separate the subjects into different age groups and as a result, the 
finding from her study cannot be related to her moderate view of the 
development of hemispheric specialization. However, Witelson's study is 
noteworthy here because she used a combination of perceptual information 
processing techniques -- dichotic listening, tachistoscopic presentation 
ana Gdicnnaptro tests. Also, it clarifies one view of developmental 
dyslexia (two right hemispheres and none left) that is related to hemis- 
pheric specialization. For the study, a group of 85 right-handed dyslexic 
boys (age 6 - 14) were compared with a group of 156 normal right-handed 
boys (average age of 10.5 years). Four perceptual tests were performed 


by the subjects: 
1 Dichhaptic Shapes Test -- spatial perception of competing non- 
sense shapes through touch. 


Oe Tachistoscopic Test -- bilateral presentation of unfamiliar 
figures of people. 


oP Dichotic: Listeningwiest —-—- simultaneous presentation of digit 
pairs. 
4, Dichhaptic Letter Test -- perception of competing letters 


through touch. 


The first two tests were used to tap spatial processing (right hemisphere), 
the third test was used to tap verbal processing (left hemisphere), and 
the fourth test was used to tap both spatial (shape recognition) and ver- 
bal (linguistic encoding) processing. The tests and rationale for using 
them is presented in Witelson (1976). For the dichhaptic shapes test and 
the tachistoscopic (unfamiliar faces) test, the normal group displayed 


the characteristic left hand/visual field advantage but the poor reading 
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group did not. Both groups showed a right ear advantage for the dichotic 
digits test. Witelson (1977b, p.310) reports that "on the dichhaptic 
letters test, the normal group showed only a tendency toward naming more 
right than left-hand letters (...p=.10), whereas the dyslexic group 
named significantly more left than right-hand letters (...p¥.02)." 


Witelson (1977b) states conclusions from this study as follows: 


Developmental dyslexia may be associated with (i) bi-hemisphere rep- 
resentation of spatial functions, in contrast to the right-hemisphere 
specialization observed in normal children, and (ii) typical left- 
hemisphere representation of linguistic functions, as is observed in 
normal children. The bilateral neural involvement in spatial proces- 
sing may interfere with the left hemisphere's processing of its own 
specialized functions and result in deficient linguistic, sequential 
cognitive processing and overuse of the spatial, holistic mode 
(ebStract, oO. —s09)i. 


The use of a right hemispheric strategy to process linguistic information 
may be dysfunctional for reading. Grass and Ruthenberg (1979) challenged 
Witelson's interpretations. According to them, it would be more benefic- 
ial to subgroup poor readers on the basis of age and type of deficiency 
and then conduct a study similar to Witelson's. Again, this is probably 
true regarding many of the perceptual studies reviewed above. Various 


electrophysiological studies on reading difficulty will be presented next. 


EEG Studies and Reading Difficulty 


In general, research on the relationship between EEG and reading 
difficulty has not unequivocally shown that a specific association exists 
(Benton, 99/5). Acéording to Hughes (1978)," “the presence of questionable 
ana controversial EEG findings is a reflection of the need for further 
research in a field that otherwise makes a strong contribution in today's 
Clintcalescecting (p. 20/). medilizging that, there are certain limitations 
involved with conducting electrophysiological research on reading disability, 
Hughes (1978) reviews a number of these studies. His conclusions regarding 


the types of EEG abnormality found in dyslexic subjects are (pee Loe 
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de Although a definite conclusion cannot be made, in general, 
positive spikes seem to be more frequently mentioned in studies 
on dyslexia than other waveforms. 


ois The incidence of positive spikes ranges from 20 to 50 percent 
of dyslexic children tested, 


a Excessive occipital slowing is another waveform commonly men- 
tioned. 
4. The data on posterior slowing suggest at least a 10% incidence 


in learning disabilities or dyslexia, but further studies are 
clearly needed. 


Bs A diffuse abnormality or epileptiform activity may be emphasized 
in some studies but may not even be mentioned in others. 


Four studies which have investigated the general EEG pattern of children 
with reading/learning problems are Gerson et al, 1972; Hughes, 1968; Muehl 
and Forell, 1973-74; and Sheer, 1976. Findings were similar to those 


studies reviewed by Hughes (1978). 


Three additional studies (Fuller, 1977; Hanley and Sklar, 1976; and 
Rebert et al.,1978) specifically investigated the electrophysiological 
involvement of the two cerebral hemispheres during various cognitive activ- 


ities. Hanley and Sklar (1976) investigated the EEGs of 12 dyslexics 


(age 9 - 18 years) and 13 normal controls (age 7 - 16 years). The three 
groups of Boder's (1971) classification -- dysphonetic, dyseidetic, 
alexic -- were represented in the dyslexic sample. Bipolar electrodes 


were placed on the following locations of each hemisphere (electrode 
montage): fronto-temporal (F3-T3 and F4-T4), fronto-parietal (F3-P3 and 
F4-P4), parieto-occipital (P3-Ol and P4-02), and occipito-temporal (01-T3 
and O2-T4). The EEG was monitored during seven test phases: rest (eyes 
closed), attentive (eyes open), mental arithmetic, reading word lists, 
reading text, auditory perception, and visual perception. Findings from 


Hanley and Sklar's study are as follows: 


Ly The most discriminating feature between dyslexic and normal 
children was the autospectral intensity pattern from the left 
parieto-occipital derivation. Dyslexic children had greater 
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energy’ inthe S- "/"hz band “and™=im ‘the’ 16"— "32 Hz "band! while 
normal children had more energy in the 9 - 12 Hz band. 


Pog During reading, the best discriminating feature was coherence 
between O2-T4 and T4-F4 in the 16 - 22 Hz band. 


3% Within hemisphere coherences were higher for dyslexics while 
between hemisphere coherences were higher for normal children. 
That is, normal children showed greater sharing between hemis- 
pheres and dyslexic children showed greater within hemisphere 
sharing. 


4. The most recurring difference between dyslexic and normal chil- 
dren) wasps che. higher activity. insthes3) = Zz band fpr dyslexics. 


According to Hanley and Sklar, "there are several findings in this investi- 
gation which seem worthy of speculative comment, with emphasis on the word 
speculative since there is no claim here to have unravelled the neuropsycho- 


locical substrate of developmental reading dyslexia (p. 234)." 


The next study to be reported here was conducted by Fuller (1977). 
The purpose of his study was "... to determine whether or not LD children 
show less alpha attenuation when engaged in mental arithmetic and immed- 
iate memory tasks compared to a matched group of normal control boys 
(p. 149)." Recall that there is an inverse relationship between the amount 
of alpha measured and cerebral activation. That is, as a hemisphere becomes 
more activated the amount of alpha power present decreases (attenuation). 
Fuller selected 10 boys with learning disabilities (10.1 - 12.6 years old) 
ana Ll normal control boys (1026 — 11.7 years -old)-to participate in his 
study. Electrodes were placed on parietal (P3, P4) and occipital (Ol, 02) 
regions of the left and right hemispheres. Fuller found that “eight of the 
10 experimental LD boys failed to show alpha attenuation in one or more of 
the three conditions, while 9 of the 11 normal control boys showed alpha 
attenuation under all three conditions (p. 151)." Since alpha attenuation 
has been shown to be a concomitant of attention and mental effort, results 
might suggest that LD children are deficient in attention. According to 
Fuller, possible causes may be: (1) a specific neurological dystunetiocn, 
(2) slow CNS maturation, (3) psychological, and (4) combinations of the 
above: (pp. 154) - 
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Regarding EEG frequency analysis of reading disabled children, one 
other study (Rebert, Wexler, and Sproul, 1978) will be presented. Rebert 
et al.erecorded EEG's from both hemispheres (temporal location) of 11 dys- 
lexic and 1l dysphasic (severe oral language handicaps) subjects (11 - 17 
years old). Five experimental conditions used in the study were: eyes 
closed (relaxed), eyes open (relaxed), reading by subject, reading to the 
subject, draw a person. Rebert et al.state the following concerning re- 


sults found from their experiment (p. 441): 


These results indicate that in some children with severe academic 
difficulties, certain EEG reaction patterns involving hemispheric 
asymmetry are like those expected in normal adult Ss (eg. the parie- 
tal change from reading by subject to draw a person) and more compat- 
POLE With notions about, hemispheric specialization. In Other respects, 
especially in our 'dyslexic' children, the EEG asymmetry patterns 
appear to be abnormal, and distinguish the 'dyslexic' from another 
diagnostic group showing somewhat more normal patterns of asymmetry. 
femay be of signiticance that the excess left hemisphere theta in 
the 'dyslexic' group was greater over the angular gyrus than over 

the temporal region, given suggestions that the left angular gyrus 

is involved in reading (Geschwind 1972). 


The experimenters suggest that their findings are compatible with Witelson's 
(1977) analysis ("two right hemispheres and none left"). Findings from 


evoked potential studies will be discussed next. 


Evoked Potential Studies and Reading Difficulty 


Various studies attempt to differentiate good and poor readers on the 
basis of each group's measured evoked potentials. After reviewing some of 
these studies, Hughes (1978) concludes that "... the late components of 
evoked potentials seem related to both the informational content of the 
stimulus and the attentiveness of the subjects, and these components tend 
to be reduced in amplitude when learning disorders are present (p. 234)." 
In addition, Evans (1977) suggests that evoked potential procedures may be 
a very useful procedure in objectively investigating attentional disorders 
of learning-disabled children. Evans concludes that "EP measures appear to 


be an area with major possibilities for both theoretical and practical 
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advances in the learning disabilities field (p. 106)." A summary of find- 


ings from studies which have used the evoked potential procedure will serve 


to highlight some of the differences found between normal and reading dis- 


abled children. 


Results from a number of studies on evoked potentials and reading 


aitiveulty are as follows: 


Conners (1971) -- a family of poor readers is shown to have 
attenuation of the visual evoked response (VER) in the left 
parietal area. Studies of two samples of poor readers, anda 
sample of children with contrasting verbal-performance discrep- 
ancies on the Wechsler Intelligence Scale also show significant 
relationships between verbal skills and the late components of 
the VER. The strongest VER amplitude correlations occur in the 
left parietal area (abstract, P. 418). 


Shields (1973) -- The AER [averaged evoked responses] of brain 
functioning are clearly different in children with learning 
disabilities. Most striking are the findings concerning the 
latencies of the AER wave components. In every case the lat- 
ency was significantly longer in the learning disabled group 
than in the normal group (p. 504). 


Preston, Guthrie, and Childs (1974) -- The reading disabled 
children showed a significantly smaller amplitude in the neg- 
ative wave at 180 msec following stimulus onset, for an 
electrode placed in the region of the left angular gyrus... 
(abstract Hp.6252).. 


Preston, Guthrie, Kirsch, Gertman, and Childs (1977) --A 

larger difference was found between words and flashes on the 

left parietal electrode for normals compared to disabled on the 

P 200 and LPC [late positive component] measures (abstract, P. 8). 


Symann-Louett, Gascon, Matsumiya, and Lombroso (1977) -- The 
present investigation indicates that the maximum visual evoked 
response wave form differences between the disabled and normal 
readers are present in the early components recorded over the 
left superior and inferior parietal areas; 1.e., normal read- 
ers exhibit more waves than disabled readers (p. 157). 


Weber and Omenn (1977) -- Amplitudes of auditory and visual 
evoked responses from right and left hemispheres were compared 
in subjects from three families having more than one person 
with reading problems....° There were’ no differences between 
dyslexic and normal members of the same family. Investigation 
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of dyslexic children from 18 additional families also demonstra- 
ted no systematic alteration of the evoked responses over the 
left hemisphere’ (abstract; p. 153)% 


With the exception of Weber and Omenn's study, differences were found in 
comparing dyslexic to normal readers, especially in the parietal area of 


the left hemisphere. 


Two additional studies on the relationship between evoked potentials 
and reading difficulty merit discussion. Sobotka and May (1977) compared 
the- visual evoked responses and reaction time performance of 24 dyslexic 
boys and 24 controls at four different age levels (7, 9, 11, and 13 years). 
An overall hemispheric asymmetry in VER amplitude (rightgleft) was observed 
in both experimental and control subjects. Dyslexics exhibited an increased 
amplitude to unattended stimuli and a slower reaction time to attended stim- 
uli. These findings are similar to those found by Shields (1973).Also, no sig- 
nificant age by group interaction was found. On the basis of their findings, 
SObotka and May suggest that hemispheric asymmetry may not be a good indi- 
cation of dyslexia, that dyslexia may not result from a maturational lag 
in neurological development, and that the data are consistent with an 


"attentional deficit" explanation of dyslexia. 


Finally, a recent study on event-related potentials (ERP) of dyslexics 
was conducted by Fried, Tanguay, Boder, Doubleday, and Greensite (1981). 
Por this study, dyslexics’ (age s = 12) were classified, into® Boder s (1971) 
Subgroups 9(5 aysphonetic | 6edyseidetic, and 2 aleéxicssubjects) > Thirteen 
age-matched normal readers (average age of 10.5 years) were selected as 
the control group. The stimuli presented were two voiced words (do, go) and 
two strummed musical chords (A7, D7)... Blectrodes were placed on the left 
and right frontal and temporoparietal sites. In discussing their results, 


Fried et al (1981) state: 


Our finding of greater waveform differences over the left, as com- 
pared to the right hemisphere in normal children is consistent with 
the results of studies which have been carried out in adults. ... 
The lack of greater word-musical chord ERP waveform differences over 
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the left hemisphere in the dysphonetic group suggests that the left 
hemisphere of the dysphonetic dyslexics may not have a fully devel- 
oped capacity to process auditory information in a normal manner. 

--- In contrast to the dysphonetic subjects, the dyseidetic children, 
who all possessed the capacity to phonemically decode and encode 
reading materials fairly well, were found to exhibit a normal pattern 
of left-greater-than-right waveform difference in the present exper- 


iment. While they did differ from normal readers with respect to 
the magnitude of latency and amplitude differences between word and 


musical-chord ERP's, these results may be attributable to differences 


in attentional factors between groups (p. 20). 


The Fried et al. study confirms the need to subgroup reading disabled 


children in conducting experimental research. 


Findings from evoked potential studies on reading difficulty are 
not unequivocal but they are promising. In general, it dppears that 
there are both amplitude and latency differences between good and poor 
readers. These differences may be more prevalent on the left hemisphere 
than the right, especially for one type of reading disability. The one 
developmental study reviewed did not show a significant age trend. How- 
ever , more research is required in this area in order to make conclu- 
Sions and draw inferences.) The final topic for disucssion in thisssec— 


tion is approaches to remediation of reading problems. 
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Approaches to Remediation 


Speculative approaches to remediation of reading problems are in- 
cluded here even though the focus of the review of literature and research 
has been exclusively on assessment. To be sure, the goal of diagnosis is 
treatment. In addition, the reason for presenting the forthcoming approaches 
to remediation is simply to show that treatment can be successfully linked 
to neurophysiological assessment. Finally, it is probably to early to 
prescribe these approaches for use in reading clinics. The two approaches 
to remediation presented here are EEG biofeedback training and teaching 


strategies. 


Can human subjects, learn to control the activity of their brains? 
A number of reviews of the research on learned control of brain wave 
activity seem to converge on one major conclusion -- even if one can learn 
EOpcontrol, the activity or the brain, the results of such control\ have 
not been clearly shown to be of use for treatment (Beatty, 1977; Johnson, 
1976; Kuhlman & Kaplan, 1979; and Orne and Wilson, 1978). Some studies 
have attempted to teach learning disabled subjects to control brain ac- 
tivity using biofeedback (Cunningham and Murphy, 1981; Gracenin & Cook, 
1977; O'Malley & Conners, 1972). The only study which reported that 
BEG training had a positive effect on academic achievement. was that con- 
ducted by Cunningham and Murphy (1981). They suggest that "training the 
right hemisphere toward higher arousal and the left hemisphere toward 
lower arousal resulted in a notable improvement in arithmetic (abstract, 
p. 204)." One might speculate on possible treatment patterns using EEG 
biofeedback as a remedy. For example, if it was found that the left 
hemisphere was overstimulated then one would use visual and auditory 
feedback to increase alpha amplitude on the left hemisphere. Similarly 
if it was found that the left hemisphere was under aroused, then the 
subject would be trained to decrease alpha amplitude on the left hemi- 
sphere. Or one could train poor readers at an early age to balance alpha 
amplitude between the two hemispheres during reading and to increase 
alpha amplitude on the left hemisphere while simultaneously decreasing 


alpha amplitude on the right during spatial tasks. Finally, for the 
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poor reader at an older age level, one could train subjects to decrease 
alpha amplitude on the left hemisphere and increase on the right during 
reading. These patterns are highly speculative and have no empirical 
basis for practice at this time. In sum, EEG biofeedback training as 


a remedial approach for reading problems awaits further research. 


What can be done in the classroom regarding instructional treatment 
of reading problems? What can the teacher do? Two prescriptions seem 
to be consistently made regarding the use of knowledge about cerebral 
function in training children with reading problems (Bogen, 1977; - 
Challis Mirsky, 19738; Haglund, 1981, (Schwartz, 1960; Wittrock) 1978)5 
First, these researchers suggest that right hemispheric activities are 
not stressed enough in the classroom and, thus, nonverbal activities 
(e.g. music, art, construction) should receive more consideration by 
elementary school teachers. Secondly, analytic-sequential strategies 
should be balanced and integrated with holistic-simultaneous strategies 
in teaching students a particular lesson. On the basis of neurophysio- 
logical research, the following strategies have been suggested as being 


useful for teaching LD children: 


sis If the left hemisphere is weak, teach with visual materials 
and if the right hemisphere is weak, use verbal materials 
(Frostig & Maslow, 1979). 


Les Send verbal material to the left hemisphere and music to the 
right using stereo earphones and two tape recorders. Teach 
to the left hemisphere -- match a visual and auditory symbol, 
recognize a visual sequence, recognize an auditory sequence, 
match the two, and pronounce the match in the form of a word 
(Van den Honert, 1977). 


ae Feedback oral reading to the right ear only with the use of 
a microphone and a headset (Gillis and Sidlauskas, 1978). 


Again, the above procedures or strategies seem interesting and they appear 
to be based on neurophysiological knowledge but further research is nec- 


essary. 
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Some final points can be made regarding remedial approaches for 
reading disability. The view taken here is that it may be possible to 
assess neurophysiological weaknesses using the EEG and perhaps other 
measures! Ofte brain funetion..) If) thiss is~pessible then it would: be 
important to base remedy on what is known about brain function and dys- 
function. Advances in computer and medical technology can aid the 
educator greatly. In sum, the remedial approaches suggested above seem 
to merit consideration but more work needs to be done in this exciting 
area of research. Perhaps it is best to consider these approaches 


cautiously and with a healthy skepticism. 


invconelusion; the objectivesof thissection»of thetpresentyneview 
was to determine if, on the basis of the evidence, children with reading 
difficulty are less specialized (cerebral functional asymmetry) than 
normal readers. Studies which used psychometrics, perceptual asymmetry 
measures, and electrophysiological recordings to compare poor with normal 
readers were reviewed. The findings from these studies are not unequiv- 
ocal. However, there does seem to be enough evidence to warrant further 
investigation. Hypotheses on the relationship between reading difficulty 
and cerebral specialization will be proposed following a summary of the 


research presented in the present review. 
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SUMMARY 


The review of literature and research was organized in a manner 
such that general information pertaining to cerebral specialization 
(asymmetry) and to reading difficulty was presented prior to discussing 
specific information regarding cerebral specialization of poor readers. 
Now pertinent information from the previous three sections of the review 
can be synthesized. The major objective here is to integrate findings 
from existing research in order to formulate hypotheses on the relation- 


ship between cerebral asymmetry and reading performance. 


A number of general conclusions may be proposed on the basis of the 
preceding review. First, the human cerebral cortex would appear to be 
both structurally and functionally specialized to process higher cogni- 
tive tasks. In normal right-handed adults, the left hemisphere appears 
to exceed during linguistic-sequential cognitive activities and the right 
hemisphere seems to exceed in processing nonverbal - and spatial - holistic 
information. Secondly, the onset of cerebral asymmetry or hemispheric 
specialization has been shown to exist as early as age 3 - 6 months. 
However, some researchers suggest that cerebral asymmetry is not complete 
at birth but rather it’ may develop as a’secondary manifestation of cog- 
nitive development. Thirdly, reading difficulty is variable and, ehusyeele 
may differ according to age level and/or type of deficit. Fourthly, neuro- 
teogical vaspects of reading dztticulty are important and, as a result, 
should be considered in order to completely describe the disability. 
Pitthiy, early identification of reading disability as largely confined 
to the extremes of the continuum and predictive test batteries should in- 
clude perceptual measures. Sixthly, the prognosis for severe reading dis- 
ability is poor. Seventhly, a more fruitful approach regarding lateral 
asymmetry of reading disability is to consider cerebral asymmetry rather 
than physical asymmetry. Eighthly, regarding cerebral asymmetry of problem 
readers, it is best to be cautious since there are’ many conflicting find- 
ings in the research literature. However, it would appear that one hypoth- 


esis which merits further investigation is that which proposes bilateral 
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representation of spatial functions. And ninthly, electrophysiological 
investigations of reading disability may prove useful in delineating sub- 
groups of disabled readers and in determining patterns of cerebral asym- 
metry of both gqod and poor readers. This is especially true when elec- 
trophysiological recording occurs during cognitive challenges of higher 


mentation. 


Finally, directions for conducting electrophysiological research on 
reading difficulty can also be derived from the preceding review. Sub- 
jects selected for participation should be at the early reading stage 
(age, 7 = S)mandwat the fluentereading stages(age 10,-—,12).,90f. course, .it would 
be beneficial to include additional age levels. Electrode placement 
(montage) would optimally include all sites of the international 10 - 20 
system (Jasper, 1959) but, at least, two sites are mandatory -- Wernicke's 
area (temporal lobe) and the left angular gyrus (parietal lobe) with 
corresponding placements on the right hemisphere. Both verbal and non- 
verbal tasks should be performed during EEG recording. And recording 
from the full frequency spectrum would be optimal but the alpha band 
(8 - 13) seems most promising. Specifically, alpha power has been shown 
to be inversely related to cerebral activation. In conclusion, the 
theoretical frame of reference most clearly reflected in the hypotheses 


£6 follow is. that developed, by, Satz and his: associates. 
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HYPOTHESES TO BE TESTED 


Poor readers at the Grade 3 level will not display cerebral asym- 


metry during both verbal and spatial tasks. 


a) There will be no difference between EEG alpha band power record- 
ed from the left cerebral hemisphere during reading and draw- 


ang. 


b) There will he no difference between EEG alpha band power record- 
ed from the right cerebral hemisphere during reading and draw- 


alge fe 


Good readers at the Grade 3 level will not display cerebral asymmetry 
during verbal tasks but they will display cerebral asymmetry during 


spatial tasks. 


a) There will be no difference between EEG alpha band power recorded 


from the left cerebral hemisphere during reading and drawing. 


b) The EEG alpha band power recorded from the right cerebral hemi- 


sphere during drawing will be less than that recorded from the 


same hemisphere during reading. ~ 


Poor readers at the Grade 6 level will not display cerebral asymmetry 
during verbal tasks but they will display cerebral asymmetry during 


Spatial tasks. 


a) There will be no difference between EEG alpha band power recorded 


from the left cerebral hemisphere during reading and drawing. 


b) The EEG alpha band power recorded from the right cerebral hemi- 


sphere during drawing will be less than that recorded from the 


same hemisphere during reading. 
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Good readers at the Grade 6 level will display cerebral asymmetry 


during both verbal and spatial tasks. 


a) The EEG aloha band power recorded from the left cerebral hemi- 


sphere during reading will be less than that recorded from the 


same hemisphere during drawing. 


b) The EEG alpha band power recorded from the right cerebral hemi- 


Sphere during drawing will be less than that recorded from the 


same hemisphere during reading. 
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SUBJECTS 


Grade 3 and Grade 6 students from two middle-class Edmonton Public 
Schools were asked to participate in the present research project. Grades 
3 and 6 were chosen to include students in the early and late reading 
stages. In order to ensure that the sample would include some children 
with reading problems, only classes which offered the resource room pro- 
gram (remedial reading in a small group setting) were considered. In one 
of the two schools, only males were asked to participate since the inci- 
dence of reading difficulty is higher among boys than girls (Benton, 1975; 
Rutter, 1978). The following steps were taken in selecting a sample for 
the study. Ability, achievement and laterality measures were collected for 
a total of 47 students. Parental consent was then secured for 34 of the 
47 students (see Appendix A for the parental consent form). . Finally, 6 
of the 34 students were eliminated from the study because they received a 
Jereegreater than right score on the laterality scale (see Appendix F for 
a copy of this scale). The final sample was composed of 14 Grade 3 
(mean age of 9 - 1 years old) and 14 Grade 6 (mean age of 12 - O years 
old) students. There were 9 males and 5 females in the Grade 3 sample and 
ll males and 3 females in the Grade 6 sample. Thus, a final sample of 28 


students met the criteria stated above. 


Clyne I 


Population and Sample Size 


Population 


) 
iN 


Percent of 


Females 


16 
20 


The researcher administered the Slosson Intelligence Test (SIT) dur- 
ing the months of May and June, 1981. The Slosson I.Q. test was used be- 
cause of its ease in administration and because it requires no reading on 


the part of the examinee. Reliability for the SIT is .97 and it correlates 
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highly with the Standford-Binet Intelligence Scale -- .90 - .98 (Salvia 
and Ysseldyke, 1976). In addition, scores from the Edmonton Public School 
Board Achievement Tests (Reading Decoding, Reading Comprehension, and 
Mathematics) were collected from the Student Assessment Department. The 
Edmonton Public School District achievement tests were LeEN USES SSE Ona 
group basis by teachers to all Grade 3 and Grade 6 students in the system 
(May - June, 1981). The reliabilities of Grade 3 and Grade 6 EPS Achieve- 


ment Tests are as follows: 


Reading -- .932 (Grade 3), .945 (Grade 6), 
Mathematics -- .88 (Grade 3), .907 (Grade 6) 


In order to define low and high reading groups, the scores from the Read- 

ing Decoding and Reading Comprehension subtests were summed for the sample 
students at each grade level and those achieving above the median consti- 

tuted the high reading group while those falling below the median consti- 

tuted the low reading group. Descriptive statistics on the average age, 


I.Q., and achievement measures are presented in Table l. 
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TABLE 1 


Average Age, Ability, and Achievement Measures of 


Low and High Readers (Grade 3 and Grade 6) 


eee 


Abs liey rand Low Readers High Readers Mean ai 
Achievement Tests Mean See Mean Seb Difference Value 


nas msm sec omeemeremmemee cnn SS eee 


Grade 3 (7 low and 7 high readers) 
ee eee eee a eee ee 


Age in Months 120 086.03 WELOL 6 m6 673 oa4 OPP Bt 
Slosson IQ 64. ROR 4 104.0 6.40 -10.6 -1.49 
Reading Decoding ANS Sh VISES] 56.0 eS) =651** -4.27 
Reading Comp. ic. 4 10025 66.1 |6.99 -17.7** -3.73 
Deccdingerius Comp. 1998.6 }122 008 9122 lige dy |i -23. o%~ -4.25 
Mathematics | 43 10 | pon 04 BOO Fee ai -9.9* -2.35 


Grade 6 (7 low and 7 high readers) 


Age in Months BS) 25 

Slosson IQ 30) Oke 

Reading Decoding 21 se) | ie 4G See gs, in 35 eet -4.24 
Reading Comp. 59.4/)16.88 Soe) 3.34 = -3.76 
Decoding Plus Comp. Sim 123.2) aha years 305 —SO.O oe -4.11 
Mathematics 35.0) no.o5 41.4 6.00 =15 53 -1.34 
~ P <te05 
cD OL 


For Grade 3 students, significant differences between the low and 
high reading groups were found for the achievement measures but not for 
the ability measure. Accordingly, the low group in fact, received a lower 
average score than the high group on both reading achievement tests. 
Similarly, Grade 6 students from the low group received a lower average 
score than the high group on reading and math achievement tests. On the 
other hand, it should be noted that the average Slosson I.Q. for the Grade 
6 low reading group is significantly lower than that of the high reading 
Groups’ <0). As a result, the difference in intelligence test scores 
may confound the results of the dependent variable, the average EEG power. 
However, since Slosson I.Q. scores did not correlate highly with most of 


the dependent measures (see Appendix B, Table a), I.Q. scores were not 


covaried out, 
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Table 2 
Average System-wide Achievement Test Scores for All Edmonton 


Public School System Students and Sampled Students (1980-81) 


All EPS Students 


~ 


EPS Sample Students 
Achievement Total Mean 
Subtests Score Mean Sabre N Difference 


Grade 3 
Reading Decoding 
Reading Comp. 
Mathematics 


Grade 6 


Reading Decoding 
Reading Comp. 
fathematics 


ee < 805 


Table 2 presents average achievement test scores for all Grade 3 
and Grade 6 students in the system and for the 28 students who partic- 
ipated in the research study. The system-wide norms were included to 
compare the sample with the entire student population with respect to 
achievement test scores. Using a conventional T - Test, the only sig- 
Hiticant difference found in comparing total students with sampled stu- 
dents was for the mathematics subtest of Grade 6 students. On the 


mathematics subtest, the sampled students received a lower mean score. 
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TABLE 3 
Pearson Correlations between Ability and Achievement 


Measures for Grade 3 and Grade 6 Students 


Grade 3 (n=14) 


Reading 
Comprehension 


Decoding plus 
Comprehension 


Slosson 


iy OF 


Reading 
Decoding 


eo ons 


Reading Decoding 


Reading Comprehension oa a eco - - 
Decoding plus Comp. Moe eo Ss gets) ests - 
Mathematics 5S Seer foe =~ 454 


Grade 6 (n=14) 


Decoding plus 
Comprehension 


Slosson 


Teor 


Reading 
Decoding 


Reading 
Comprehension 


2a ex 
sleien 
BO Oia 
aleaksiee 
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Reading Decoding 
Reading Comprehension 
Decoding plus Comp. 
Mathematics 


po oOne 
oUge 


Correlations between ability and achievement test scores are displayed 
in Table 3. It can be observed that these correlations are high and pcsi- 
tive for both grade levels. Thus, as would be expected, ability and 


achievement tests are measuring a similar construct. 
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APPARATUS 


The Biocomp 2001 is a device designed to measure and store human psy- 
chophysiological parameters. Seven modalities can be measured -- electro- 
mygraph, electroencephalograph, peripheral pulse volume, heart rate, skin 
potential response, skin conductance response, and temperature. Since the 
Biocomp has four channels, up to four modalities can be measured simultan- 
eously from an individual subject. The apparatus was designed by Hershel 
Toomim (Biofeedback Research Institute -- Los Angeles, California) for 
both clinical and research applications in biofeedback. Although the 
present study used the Biocomp for assessment, the device can be used for 
biofeedback training purposes since psychophysiological data can be in- 
Seanvaneously “ted back™ (visual Sand vauditory feedback) to Chersubjecc. 
For further information on biofeedback theory, research, and practice see 
Basmajian (1979); Blanchard and Epstein (1978); Gatchel and Price (1979); 


and Peper, Ancoli, jand) Ouinn (1979). 


The "hardware" of the Biocomp 2001 consists of a small television 
monitor, an Apple II mini-computer, 2 disc drive units, a printer, 4 
sensor module, two telemeter modules that talk to each other, and an 
assortment of probes and electrodes. The "software" is a diskette program 
(Telemetered Biocomputer) written by H. Toomim. Operation of the Biocomp 
eOOlerseaccomplished by £irsteplacing Ene diskette program nto one or ne 
Stsceicivye units, Theyprocrameis nen starced s(bocled) ss thes subi ecu. 
then "hooked up" or connected to the apparatus with electrodes and lead 
wires. Electrodes pick up the psychophysiological activity from the sub- 
Jects; sin this case, electrical activity of the brain. After making a 
number of minor adjustments, data are then picked up by the electrodes and 
sent to the sensor module which relays the information to a remote tele- 
meter. The sensor module is the "slave" of the computer. In effect, the 
computer tells the sensor module what measurements to make. The sensor 
module is electrically connected to lead wires and electrodes on one side 


and a remote telemeter on the other side. 
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Information is transmitted from the remote telemeter to another telemeter 
that is connected to the Apple II computer. The remote telemeter is elec- 
trically connected to the individual and the other telemeter is electrically 
connected to the computer. As a result, the remote telemeter transmits 
the signal from the subject and the other telemeter receives the signal. 
The two telemeters "talk to each other" through the use of an infra-red 
light. Finally, the information is received into the memory of the com- 
puter and displayed on the CRT television screen as an auditory signal is 
played back through a speaker in the computer. Psychophysiological data 
from the subject can be stored on the diskette and printed on a hard copy. 
Details on the technical specifications of the Biocomp 2001 are presented 


in Appendix C. 


For the purposes of the present study, only the EEG modality was used. 
The Biocomp 2001 EEG system is designed to measure root mean square values 
from four EEG bandwidths -- theta (4 - 7 cps), alpha (7 - 13 CPS), beta 
(13 = 30 cps), and wide (4 - 30 cps). The alpha bandwidth (7 - 13 CPS) 
was selected because it is most sensitive to EEG amplitude fluctuations 
in response to cognitive activity (Doyle et al, 1974). Finally, the 
Biocomp 2001 collected, in this case, EEG alpha amplitude data 15 times 


each second. 


The device described above has been available for clinical and re- 
search purposes for only one year. As a result, it has not been used 
in a variety of experimental settings and its reliability is subject to 
question. This is especially true of the EEG modality. Therefore, 


corroborative studies using the Biocomp 2001 are of utmost importance. 
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PROCEDURE 


The present section on procedure will include information on stimu- 
lus materials, experimental conditions, electrode placements, and the 
sequence of experimental steps. Information pertaining to experimental 
Variables, =the statistical analysis, and limitations/delimitations of 


Ene research study will follow. 
Stimulus Materials and Experimental Conditions 


Verbal and nonverbal materials were used as stimuli. The verbal 
materials consisted of passages taken from Grade 3 (Ginn Basic Readers) 
and Grade 6 (Young Canada Readers) reading texts. The nonverbal materi- 
als were nonmeaningful designs taken from the Visual Sequential Memory 
Suvlescmoretne, Lilino_e Tests of Psycholinguistac) Abilities (Kirk, 
McCarthy ,..& Kirk, 1968), the Visual Memory Test (Wepman, Morency, & Seidl , 
1975), and the Memory for Designs Test (Graham & Kendall, 1960). Samples or 


reading passages and nonmeaningful designs can be found in Appendix D. 


The present research study involved three conditions: read, draw, 
and rest. For the reading condition, subjects were asked to orally read 
from a passage. The drawing condition consisted of copying various 
nonmeaningful designs. And for the resting condition, subjects were 
asked to look at a blank sheet of paper and to think of nothing. Each 
condition lasted for a period of 90 seconds during which time the EEG was 


recorded. 
Electrode Placement 


The bipolar electrode placement procedure was used for the present 
study. As stated by Andreassi (1980), “when using a bipolar recording 
technique, two active electrodes are placed over cortical areas of inter- 
est. Bipolar leads record the difference or algebraic sum of the electri- 


cal potentials beneath the two regions at every instant (p. 33)." The 


9012s Sc meiieeBees ieSuloni - liv mide ag ae AOksom 


aca baa ,S2ggepoaTa wr fuss ness shine caanen 


- 
7 


fewer vecwe GF ehintets.s mo. t2eetns 86. egels Lntoamaseges vo vanse “* 
coe alevtede tadssadente wad eelds: a 
aa 


=¢ ase 6a! eis eh yanals. ae fed 2 
~~ 


we SAT. JP DVRS] G2 RoSeR Brew ee azain 

grehrel, 7feee® parle te ee, Hi Nove asp R24] Se Ses lenm. 

= 
Six mr aeviet, ant .PTRer pmsheo-, 'e >a sbenev yuo’) a Das 
5 me \ienubues fanhis Sts ae pe snp tess mpmReneer J 12 

fie te ajeued LED en 383 
2c when eA SJ 2th jo adest asda 

' eS a ,racaoe \ reais’ 42S) elie anwct’ wet , eee iE S| alas Pi 


2S amie Uses (dc sater cifate) Jost 2gpcest ae) geet me 
“jiiesgh 84 Betted gaink’S eneece Js atonemmon fae hevaneag 00 


. | rye 
p =. = 
seth «tees. tEARRCLEIy- eid ave Tl Ue? S2°mgeen discexrg ene 
saat vileds oo better chav le ieee . ts osctvee ee wei a 


aor eee te Sastacerc | civic: prileet 
a 7 > 

Peon e hcogi fabs 4 : ot Sonon net os ox’ soy)’ nd and 

Pee seh twee are . 

ineese oF ie wlLzay ea | 


bis S 26590 ae MDA’ 
at a =" GHz nasty peal 


=_s 


two active electrodes filled with conductive paste were placed over 
Wernicke's area (Wl) and the angular gyrus (P3) in the left hemisphere and 
the corresponding areas (W2, P4) in the right hemisphere. In addition, a 
ground electrode was placed’ on the left or right forehead (FPIT. FP2). “The 
parietal (P3, P4) and frontal (FP1, FP2) locations are according to the 
international 10-20 system (Jasper, 1959). However, the temporal location 
(Wl, W2) is a revision of the 10-20 system by Matsumiya (1976). That is, 
the W1 location is defined as the center of a triangle made by 10-20 system 
locations P3, T3, TS and the W2 location is defined as the center of a tri- 
angle made by 10-20 system locations P4, T4, T6. The sites of Wernicke's 
area and the left angular gyrus were selected because of their presumed 


involvement in processing linguistic information. 


Procedural Steps 


The experiment was conducted in an office at the University of 
Alberta during June and July, 1981. Each subject was seen individually 
by the researcher. Parents were invited to remain in the office with 
their child and, in most cases, did so. The experimental procedure in- 


eluded the following six steps: 


ag explanation of the apparatus, 

ais electrode placement, 

3 display of graphics and sound, 

4. instrument test, 

2h EEG recording during cognitive activities, 
6. explanation of research purpose. 


Elaboration of each step is presented below. 


A brief explanation and demonstration of the Biocomp 2001 was offered 


at the beginning of each session. Then electrodes were filled with ‘conduc- 


tive paste and placed on either the left or right hemisphere of the subject. 


For 14 of the 28 subjects, recordings were first taken from the left hemi- 


sphere and then from the right and recordings were first taken from the 


right hemisphere for the 
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other 14 subjects. Subjects were then shown a graphic display of EEG ac- 
tivity recorded by the Biocomp 2001 and they listened to an auditory sig- 
nal. This was done to help adjust to the experimental Setting... sineorder 
to test the instrument, subjects were asked to open and close their eyes. 
The EEG recording was as expected for all subjects (i.e., greater ampli- 
tude during eyes closed than during the eyes open state). The actual ex- 
periment was conducted next. Subjects were asked to orally read, to copy 
designs, and to rest. There were two trials for each condition. Thus, 

subjects read, drew, and rested for a total of four times each (two times 


during left hemisphere recordings and two times during right hemisphere 


recordings for each condition). Each condition lasted exactly 90 seconds. 


The order of conditions was systematically altered to prevent sequence 


effects. Six separate sequences were used (see Appendix F). At the end of 


each recording epoch, the apparatus was programmed to store the data ona 


diskette and to print the data on a hard copy for subsequent analysis. 


For each condition, subjects were given the following instructions, 


verbatim: 
Reading Condition —— Here isyasstory abcuc , 
I want you to read it out loud to me. If you have trouble with an 


of the words, I will help you. Try to concentrate on what the story 
is about while you read it. When I say "begin", start reading the 


story and when you hear a beep (about 90 seconds later) you may stop. 


Drawing Condition -- Do you see these designs? They look kind of 
funny. But they are not meant to be pictures of anything. I would 
like you to copy them on this sheet of paper. Don't worry if you 
make mistakes. While you are copying the designs I want you to 
thinkionly of these figures.) Do not talk to me cor Chink about jany— 
thing else. I will tell you when to begin and you can stop when you 
hear a beep. 


Resting Condition -- I am going to ask you to do something that is 
kindwofthard to do. Listen very carefully. I want you tojrelaz, 
lock at this blank piece of paper, and think Of nothing. ives) 1 
want you to clear your mind of all thoughts. That is the hard part. 
See this piece of paper? There is nothing on it, right? Well, I 
would like you to have nothing on your mind, just like this piece of 


paper has nothing on it. Now sit back and relax, get comfortable and 


start looking at the piece of paper. When you hear the beep you may 
stop resting. 
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After the 12 epochs were recorded, subjects were disconnected from the 
Biocomp 2001. Finally, the parents and subjects were informed of the 
purpose and rationale of the study. Each session lasted approximately 


one hour. 
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EXPERIMENTAL VARIABLES AND STATISTICAL ANALYSIS 


The dependent variable of the present study was average EEG alpha 
amplitude measured in microvolts. Amplitude is a measure of the size of 
the electrical signal. The Biocomp 2001 output for each 90 second epoch 
consisted of 36 averaged amplitude (root mean square) recordings. In 
Order =eorreduce artifact associated with initial fluctuations and to 
reduce the large number of data (432 data points for each subject), the 
final 10 data points were averaged for each condition. As a result, 12 
averaged amplitude recordings (4 for each condition) were used for sub- 
sequent analysis. Independent variables were reading group, hemisphere 


anc@eonedt tion Or cognitive task: 


The statistical technique used for data analysis was a 2 x 2 x 3 
ANOVA with repeated measures on the last two factors. The first factor 
was reading group (low readers and high readers), the second factor was 
hemisphere (left and right), and the third factor was a cognitive task 
(read, draw, and rest). A separate ANOVA was run for each grade level 
(3 and 6) and for each trial (l and 2). Thus, four separate ANOVA's were 
run for the general model. In addition, the Scheffe' method was used for 
making a posteriori comparisons of means. Finally, a number of Pearson 
Product-Moment Correlations between hemispheres, trials, and tasks were 
calculated. These correlations are presented in Tables b, c, andd 


(Appendix B). 


Information from Scheffe' multiple comparisons is most directly re- 
lated to the hypotheses to be tested. However, statistically significant 
main effects and interaction effects from the ANOVAs are also included 
in the analysis. These effects are less specific than the statistically 
significant Scheffe' comparisons but they help to explain the results 


in a more general sense (e.g. across groups, hemispheres, or tasks). 
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LIMITATIONS AND DELIMITATIONS 


Prior to presenting and discussing results, it is important to ac- 
knowledge problems and limit the scope of the present study. Major limi- 
tations pertain to artifact, the I.Q. confound, and the selection proced- 
ure. As stated previously in the review of literature and research, both 
physiological and instrumental artifacts are present in EEG research studies. 
For example some instrumental artifacts are caused by batteries, switches, 
Piugs, sockets, wiring, resistors, and capacitors. In addition, since the 
Biocomp 2001 transmits the signal from one telemeter to another, this sig- 
nal is subject to "noise" in the atmosphere. Common psychophysiological 
artifacts are arousal (GSR), muscle tension (EMG), heart rate (ECG), and 
eyeblinks (EOG). See Shagass (1972) for further information on EEG arti- 
facts. The second limitation is the fact that the Grade 6 poor readers 
scored significantly lower on the Slosson I.Q. test than the normal Grade 6 
readers. On the other hand, there is typically a high correlation between 
ability and achievement test scores. Intelligence test performance then 
may confound the results. And, third, that subjects were not randomly 
selected from a large pool is a definite limitation since this is an 


assumption of the ANOVA technique. 


The scope of the present study is subject to four delimitations. 
First, even though the average reading achievement score of the low read- 
inmgeqroup is significantly lower than that of the high group for both 
grades (see Table 1), the low reading group was not conventionally defined 
as reading disabled. As a result, findings from the study cannot be 
applied to reading disabled children in comparison to normal readers. 

This Gelimitation then is that subjects selected Tor the study differ in 
reading achievement -- some are better than others. Second, the low num- 
ber of subjects and the selection procedure preclude generalization. 

Third, the poor readers were not subtyped according to differential de- 
ficiencies in reading subskills and, hence, this limits the scope in terms 
of specificity. Incidently, the low readers were not subgrouped due to 

the consequences of delimitations 1 and 2. Finally, the forth delimitation 


is that only alpha power was examined. Consequently, it is not known what 
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relationships exist between reading and drawing for the low and high 
readers in other frequency bands. It is essential to be aware of these 
limitations and delimitations in interpreting the results which are pre- 


sented in the next chapter. 


CHAPTER IV 


RESULTS 


Loy 
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The mean EEG alpha amplitude data were analyzed in three different 
ways using the classical ANOVA technique. First, the means were analyzed 
using the "General Model." For this particular model, four separate 
2 x 2 x 3 ANOVA's were calculated -- one for each trial at both grade 
levels. . Second, the means were analyzed using the "Compostie Model 
(Frtal i plus Trial 2)". Here two 2 x 2)x 3° ANOVA's were calculated —— 
one for each grade level summed over the two trials. And, third, the 
means were analyzed using the "Task minus Rest Model" in which the abso- 
lute value of the difference between the rest and task (reading and draw- 
ing) conditions was the dependent variable. Four separate 2 x 2 x 2 
ANOVA's were calculated for the "Task minus Rest Model" -- one for each 
trial at each grade level. The task minus rest model was calculated in 
order to analyze the task-related conditions as differences from EEG 
baseline (rest condition). Moreover, such a procedure would minimize the 
effect of individual differences impinging on the psychophysiological 


measures. 


Results will be presented then according to the three models outlined 
above. Information on the Grade 3 sample will be presented first to be 
followed by information on the Grade 6 sample for each model. Summary 
ANOVA and contrast tables can be found in Appendix E (Tables e - x). 

Mean differences are considered statistically significant if the prob- 
abl LILy Of inding Such) a difference by chance 1s less than '52. Prior 
to presenting results from the ANOVA's, comments will be made regarding 


correlations between trials, hemispheres, and tasks. 


Pearson correlations between trials (trial 1 and trial 2), between 
hemispheres (left and right), and between tasks (read, draw, rest) are 
presented in Appendix 8 (Tables b, ¢, and d). Three findings are relevant: 
Weercorrelatzons. between trials arevhigh and, positive: (Table bb); 92) cor— 
relations between hemispheres are positive, some of which are high (Table c); 
and 3) eorretae tone between tasks are high and positive (Table d). This 


latter finding is a bit unexpected since one would expect the FEG amplitude 
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the experiment are presented in Tables 4 - 7. 


TABLE 4 = 
Raw Data of EEG Amplitude (microvolts) during Reading, 


Drawing, and Resting Tasks: Grade 3-Trial l 


Left Hemisphere Right Hemisphere 


Subjects Draw Rest 


Low Readers 
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High Readers 


i176 


TABLE 5 
Raw Data of EEG Amplitude (microvolts) during Reading, 


Drawing, and Resting Tasks: Grade 3 - Trial 2 


Left Hemisphere Right Hemisphere 
Subjects Read | Draw | Rest Read | Draw | Rest 


Low Readers 


High Readers 
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TABLE 6 
Raw Data of EEG Amplitude (microvolts) during Reading, 


Drawing, endskesting Tasks: | GradeeG — Trial, |i 


Left Hemisphere Right Hemisphere 
Subjects Read | Draw | Rest Read | Draw | Rest 
Low Readers 
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TABLE 7 
Raw Data of EEG Amplitude (microvolts) during Reading, 


Drawing, and Resting Tasks: Grade 6 - Trial 2 


Left Hemisphere Right Hemisphere 


Subjects Draw | Rest 


Low Readers 


High Readers 


Presented below in Chart 2 is a tabular representation of the hypotheses 
to be tested. In essence, Chart 2 displays the expected relationships be- 
tween reading and drawing with respect to the dependent variable (i.e., 
average EEG alpha amplitude). See Chapter II (pp. 90 - 91) for verbal 
statements of the hypotheses. 


Chaxytac 
Expected Relationship between Alpha Amplitude values of 
Reading and Drawing as Stated in the Hypotheses to be Tested 


Reading Hemisphere 
Group Left (Hypothesis) | Right (Hypothesis) 
Grade 3 


Poor Readers | Read = Draw (la) | Read = Draw (1b) 


Good Readers Read = Draw (2a) Read ? Draw (2b) 


Grade 6 
Poor Readers | Read = Draw (3a) | Read ? Draw (3b) 


Good Readers Read < Draw (4a) Read 7? Draw (4b) 
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THE GENERAL ANOVA MODEL 


Grade 3 Results 


~ 


The mean EEG alpha amplitudes recorded during reading, drawing, 


and resting are displayed in Table 8. Table 9 shows significant differ- 
ences between hemispheres and tasks using the Scheffe' multiple comparison 
method. 

TABLE 8 


Mean EEG Alpha Amplitudes (microvolts) of Grade 3 Students 


Left Hemisphere Right Hemisphere 


Reading Group (n) Draw Rest 


WMesiell IL 


tele 2 


TABLE 9 


Significant Differences Using Scheffe' 


Comparisons for Grade 3 Students 


Mean 1S 
Description? of Results Duits DE F Level 


Aral Il 
Right draw>right rest for high group 2a 2,24 Loa2s mild 


aseaigsll  2 


Left read“<right read for low group 


Left draw< right draw for low group OS 
Right read> right rest for low group SOL 
Rightvdraws right rest for low group mont 
Left read» left rest for high group ae 


Left draw> left rest for high group 
Right read> right rest for high group 
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For each trial subjects read, Aro and rested for a period of 90 seconds 
each during which electrical activity was recorded using the Biocomp 2001. 
Trial 1 then constituted the initial 270 seconds of EEG recordings and 
Trial 2 constituted the remaining 270 second recordings for each hemi- 


sphere. Results will be presented for each separately. 


Trial 1. The analysis of variance indicated a significant main 
effect’ for hemispheres, F = 3.9, P= .09 (Table e in Appendix E). In 
general, higher alpha amplitudes were recorded from the right hemisphere 
(X = 5.08) then the left (X = 3.84). This finding would indicate that, 
in general, the left hemisphere was more active than the right. That is, 
regardless of task (reading, drawing, resting) or group (low, high readers), 
the left hemisphere was more involved in processing information than the 
rignte AS “displayed in Table “£ “Appendix E), two contrasts attained. stat-— 


istical significance: 


is High draw > high rest (F = (6.67, Po= 02) 
pas Left read <right read (F = 4.81, P = .04) 


Hence, there was greater activation for high readers during the resting 
condition than during drawing. And during reading, the left hemisphere 
of Grade 3 subjects was more active than the right. The individual com- 
parisons using the Scheffe' method (Table 9) yielded only one significant 
finding -- the high reading group showed more activation during rest than 
drawing on the right hemisphere. In other words, the right hemisphere of 
the high reading group was more actively involved in processing informa- 


tion during resting than during drawing tasks. 


Trialiec. For Trial 2, a*main effect was found with respect to: the 
Cas teOrecONdLe ton LaClLOhy 6) —2Gn2o yak = .002 (Table g). Means for read- 
ing, drawing, and resting were 4.22, 4.26, and 3.33 respectively. Thus, 
this finding would indicate that there was greater activation during the 
resting condition than during either reading or drawing. Such a finding 


is not according to expectation since resting was considered to be a 
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task which would require little cognitive effort in comparison to reading 
or drawing. Hence, the average EEG alpha amplitude for resting was ex- 
pected to be. significantly, higher than. that) for. either reading or draw- 
ing. Regarding the summary of contrasts table (Table h), the following 


comparisons resulted in statistically significant differences: 


ill Low read > low rest (Se Se heed de Pe = 4 OaL) ; 

De Low draw >low rest (Ee= Os gly Pes OO) 

oir High 2ead ~highereste (ipa. 0,16 Pe= 2004), 

4. Highedraw>highprest) (Ro =99.637, Py= 01), 

5s Bert sread< right, réada(h = 8.21, P= ).01), 

6. Left draw<right draw (F = 5 OD Pe OZ) , 

tp bette read ilerceres t= one) Pea 0S), 

8. Letty draw 7élettprest s\BeapickS 4 Pie. 0ls) 

De Bight meadi7 7a ghte reste re=2i1.. 40ers = 2001) 

VOe Righte draw mrighterest ye =— 10.30 Pe= 002). 
RocoOceinam LO tiesSeCOnDal loons 2 eSUats 5 = (4 and) joa a) TAcCicate chat 


there was greater activation during resting Chan reading vor, drawing.) eLe 
Should be noted that results 5 and 6 indicate that the left hemisphere 

was more active than the right during reading and drawing. This finding 
then would suggest that hemispheric specialization is not occuring for 
different tasks since the left hemisphere is more active for both tasks 
(reading and drawing) compared to the right. According to Table 9, both 
low and high groups displayed greater activation during the resting condi- 
Elonseuteonly the lowagroupsdisplayed greater Jactivallongonstie iletee nem — 


sphere as compared to the right. 


Summary. As stated in Hypothesis lit was expected that low readers 
would not display hemispheric specialization for either verbal or spatial 
tasks. Since statistically significant findings were not found regarding 
average alpha amplitude differences between reading and drawing for both 
the left and right hemispheres, Hypotheses la and lb are supported by the 


results. With respect to Hypothesis 2 (high reading group), it was 
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expected that cerebral asymmetry would also not be found for the verbal 
tasks but that it would occur for spatial tasks. Hypothesis 2a is sup- 
ported by the results because no statistically significant results were 
found regarding the average alpha amplitude differences between reading 
and drawing recorded from the left hemisphere. However, Hypothesis 2b 
was not confirmed because EEG alpha band power recorded from the right 
cerebral hemisphere during drawing was not significantly lower than that 
recorded from the left hemisphere during reading tasks for the high read- 
ing’) groups In) sum,’ hemisphericwspecialization for Spatial tasks as sug- 


gested by Hypothesis 2b was not confirmed by the results. 
Grade 6 Results 
The mean alpha amplitudes recorded during reading, drawing, and rest- 


ing for Grade 6 students are displayed in Table 10. Statistically signif- 


icant findings from the Scheffe' multiple comparisons method are shown in 


Table ll. 
TABLE 10 
Mean EEG Alpha Amplitudes (microvolts) 
of Grade 6 Students 
Left Hemisphere Right Hemisphere 
Reading Group (n) Read Draw Rest Read Draw Rest 
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TABLE 11 
Significant Differences Using Scheffe' 


Comparisons for Grade 6 Students 


: Mean 1 
Description of Results Desee % DF F Level 
disqoishin. at 
Low rest <Shigh rest on right hemisphere | 3.90 | 27,66 eae Od 
Lerlerest < right rest sfor high group OPS 25.36 dss v0 
va dae 
Low read<high read on right hemisphere | 2.69 2,30 6.96 OS) 
Low draw€ high draw on left hemisphere Ds WT Dp 3X8 6.98 OS 
Lows vesti< high rest on wight hemisphere | 4.09 2 p30 LS2L8 nO 
bet reste = right, rest for high group Se EAS Oa, 205 


Trial l. A significant main effect from the analysis of variance was 
Found for the group factor, F = 10.347 P = .01 (Table i in Appendix &):. 
In general, the alpha amplitude average was higher for the high reading 
group (X = 5.96) than for the low reading group (3.65)." This would indi— 
cate that, in general, the low reading group displayed greater activation 
than the high reading group. Stated another way, perhaps the low reading 
group had to expend more "cognitive energy" to complete the tasks in com- 
Parison, to the high reading group. ~Contrasts which attained statistical 


Significance are as follows (Table j in Appendix E): 


bere read < right reads (hr o=ed 72, P = 04), 


Le Low right < high mighta(r (= 4.85, P = 04)", 
De Low draw¥ high draw (F = 1,02, P= sOl), 
Bie low rest. ~ high resis (he T3254; P= OIL) 
4. Low read » low rests (ro= Dadi P= sO) - 

ae 

Gis 


Dect. rest < right fost (me= 4254, P=) .04)* 


Recall that low and high refer to the low and high reading groups; left 
and right refer to the left and right hemispheres; and read, draw, and 


rest refer to the three experimental tasks. 
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Findings) ]l)= 3 indicate’ the greater activation "of the low group “en “the 
right hemisphere and during drawing and resting. Finding 4 shows that 

the low group was less activated during reading than resting. This find- 
ing is not according to expectation since the reading task should require 
more cognitive involvement than the resting task. And, findings 5 and 6 
indicate that the left hemisphere was more active than the right during 
reading and resting conditions. That is, the left hemisphere was involved 
in information processing to a greater extent than the right for reading 
and resting tasks. Finally, individual comparisons (Table 11) resulted 


iy Ewo statistically *signiviicant findings. el) *sqreater “activacion *torsthe 


low group compared to the high group during resting on the right hemisphere, 


and 2) greater activation on the left hemisphere than the right during 


rescing fOr therhign group. 


tyialez. The @€ffect for groups was found) to be statistically signist— 
Dea yee O47. pe Oca Tablegic) Accordingly, the low group was more 
Secavated enan the High group (means of 3.50 "and 6.15, respectively)... tne 


following = Our contrasus atcammed = starrstical Signve cance Table uis 


lke howereed’<hign read (h ="o765,5r"= (OCH!) - 
ie Low draw<high draw (F = 1a) Sia a= 426), 

Sik HOWweEest <high rest mi e-"0 le oy ee e= AOOZ)) 
4. Retlerest’ <wight cesta (y=) 2S 6 7eP=F 202)" 


Thus, the low reading group displayed greater activation during all three 
conditions and the left hemisphere was more active than the right during 
the resting condition. According to the Scheffe*™ individual comparisons 
(Table 11), this latter result reached statistical significance for only 
the high reading group. In addition, the low readers displayed more acti- 
vation than the high readers for both reading and resting conditions on 
the right hemisphere. Finally, the low readers displayed more activation 


than the high readers during drawing recorded from the left hemisphere. 
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Summary. According to Hypothesis 3, low readers were expected to 
Show cerebral asymmetry for spatial tasks (3b) but not for verbal tasks 
(3a). Since average alpha amplitude measures were not SlgnLticantlLy 
different between reading and drawing tasks as recorded from the left 
hemisphere, Hypothesis 3a is supported by the results. But Hypothesis 
3b was not confirmed because the average EEG measures during drawing were 
not significantly lower than those during reading recorded from the right 
hemisphere. With reference to Hypothesis 4 (high reading group), neither 
Hypothesis 4a nor Hypothesis 4b were supported by the results. That is, 
no statistical differences were found between reading and drawing alpha 
amplitudes recorded from either the left or right hemisphere of the 
high reading group. In sum, neither the low nor the high reading group 
displayed hemispheric specialization as suggested by Hypothesis 3b and 
4a & b. 


Summary of Results (General Model) 


In general, the left hemisphere was more active than the right and 
more activity was displayed for the resting condition than during reading 
or drawing for Grade 3 subjects. The Grade 6 low reading group displayed 
more activity than the Grade 6 high readers. Greater cognitive activity 
is inferred from lower alpha amplitude values. Regarding the finding of 
greater alpha amplitude in the right hemisphere, McKee et al (1973) and 
Morganaect. ad. i(1b9/i). reporecdasimiularcgresults ...) Theses results. neither sup— 
port nor refute the construct of hemispheric specialization. There were 
no significant differences found between reading and drawing for either 
reading group at each grade level. Therefore, Hypothesis la, lb, 2a, and 
3a are supported by the results. This is stated because these hypotheses 
predict that cerebral asymmetry will not be found. However, since 
Hypothesis 2b, 3b, 4a and 4b (see Chart 2) predict differences between 
reading and drawing, they were not confirmed by the results. Therefore, 
evidence of hemispheric specialization was not found using the general 
ANOVA model. Results from the Composite 2 x 2 x 3 ANOVA model (Trial 1 
plus Trial 2) are presented next. Trial 1 and Trial 2 were summed in or- 


der to observe composite main and interaction effects. 
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THE COMPOSITE ANOVA MODEL (TRIAL 1 PLUS TRIAL 2) 


Grade 3 Results 


~ 


The composite (Trial 1 plus Trial 2) means of EEG alpha amplitude 
recorded during reading, drawing, and resting conditions are presented in 
Table 12. In addition, Table 13 displays significant differences found 


using the Scheffe' multiple comparison method. 


TABLE 12 
Mean EEG Alpha Amplitudes (microvolts) 
et Grade S students (Iriel pluses Trial i) 


Left Hemisphere Right Hemisphere 


Reading Group (n) 


TABLE 13 


Significant Differences Using Scheffe’ 


Compakisons for Grade 3 Students (Trial l plus Trial 2) 


Desenipteion, of Results 


Left read< right read for low group x05 
High read >high rest on right hemisphere 409 
High draw? high rest on right hemisphere Od 
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According to Table m (Appendix E), a main effect for the task factor 
was found significant, Pea. 49, Peea, 0c-pyanermeansztor reading, drawing, 
and resting were, 4.40, 4.51, and 3.75, respectively. The main effect is 
due to the lower amplitude recording (greater activation) for the resting 
condition. Statistically significant contrasts for the Grade 3 composite 


model, as recorded) in Table’ n {Appendix§E)@are as follows: 


le High ready»high rest (Be=17.92, P = 01), 

Ze High draw> high rest (ER= OP re BOOS), 
ee Bereejread<erightereade (Rusty .32;702.= =i) 
al Left draw<right draw (F = Se OF — nO Siee 
5. Right read right rest (F = 5.95, P = .02), 
6. Right draw yright rest, (F —~ 6.15, P= .02). 


According to findings 1, 2, 5,-and 6, resting is a greater activated con- 
dition than reading or drawing for the high group and recorded from the 
right hemisphere. Also, findings 3 and 4 would indicate that the left 
hemisphere of the Grade 3 subjects was more activated than the right dur- 
ing both reading and drawing. As displayed in Table 13, this latter find- 
ing was. statistically significant for the low group during the treading 
condition. This means that the left hemisphere was more involved in read- 
ing than the right hemisphere of the low reading group. Other individual 
comparisons confirm that resting was the greater activated condition for 


the high reading group and recorded from the right hemisphere. 


Grade 6 Results 


Table 14 displays the composite means of EEG alpha amplitude for 
Grade 6 subjects. And the statistically significant differences found 


using the Scheffe' multiple comparison method are presented below in 


Table 15. 
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TABLE 14 
Mean EEG Alpha Amplitudes (microvolts) 
Ob GracesGoeotudents (Trialple plus trial 2) 


Left Hemisphere Right Hemisphere 
Reading Group (n) Read_| Draw | Rest 
Low (7) 3.43 3230 gad) 4.93 3.86 3.56 
High) Se 5.74 4.74 6.87 6.04 7.34 
TABLE 15 


Significant Differences Using Scheffe' 


Comparisons for Grade 6 Students (Trial 1 plus Trial) 2) 


Description of Results 


Low rest<high rest on right hemisphere soul 

Renee Leste o Gnu Gest Ores Giuegroup OS) 
The only Significant main erLrece was found for the group factor, 

eae .44, P=. 01 (see Table co in Appendix B)— The mean jamplictude value 


2 


of ene low group (3.60) was lower than that of the high group (6.08). Hence, 


the low group was more activated than the high group. A number of statis- 


Eicallvyesigniticant, Contrasts, sas, necorded im Table =p, were round: 


1 low right< high right (F = 4.35, oa _ O48) 5 
oh low read high readahe= 7/54, Pe= 0D 

oh low draw<high draw (F = 8.68, P = .01), 

Al low nest < high Testgihe= ala .59 7. P= ,O@2)) , 
5 low read plow resem (he=—4 5 /2,72) = ~ 04) , 

6. Detcarest—cignteresta fen) cr =a .02Lir, 


Stated differently, the low group displayed greater activation than the 
high group during all conditions and, in general, recorded from the right 
hemisphere. In addition, reading was a lesser activated condition than 
resting for the low group and, Baring resting, the left hemisphere was 


more activated than the right. Finally, Scheffe' comparisons (Table 15) 
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resulted in two statistically significant findings: 1) the low group 
displayed greater activation than the high group during resting as record- 
ed from the right hemisphere, and 2) the left hemisphere of the high 


group was more activated than the right during resting. 


Summary of Results (Composite Model) 


In general, resting was a more active condition than reading or draw- 
ing (Grade 3) and the low group was more activated during the experiment 
than the high group (Grade 6). Again, significant differences were not 
found regarding comparisons between reading and drawing. In other words, 
evidence of hemispheric specialization as set forth in the hypotheses 
(see Chart 2) was lacking. As a result, the influence of resting will be 
removed by subtracting it from both reading and drawing for each subject. 
This manipulation will then serve to highlight the relationship between 


reading and drawing. Results from the "Task Minus Rest Model" follow. 


THE TASK MINUS REST ANOVA MODEL 


Grade 3 Results 


For the Task Minus Rest Model, first the absolute value of the dif- 
ference between means (reading and resting, drawing and resting) was 
calculated for each subject. The resulting differences were entered 
into the analysis of variance program as raw data. In total, four 
2x 2 x 2 (groups by hemispheres by tasks) ANOVA's with repeated measures 
on the latter two factors were produced (one for each trial at each grade 
level). The means (alpha amplitude) for Grade 3 subjects are presented 
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TABLE 16 
Mean EEG Alpha Amplitudes (microvolts) 


of Grade 3 Students (Task Minus Rest) 


Left Hemisphere Right Hemisphere 
Reading Group (n) Draw 


fiasco Wl gs a 


Low 9(7) 
Highs) 


pheoleul, 2 


A note of caution is required prior to the reporting of results. 


Since the absolute value of the difference between task and rest was 
taken as the dependent variable, the results do not offer information 
on the differential involvement of the hemispheres during reading and 
drawing conditions. That is, comments pertaining to cognitive activa- 
tion cannot be made on the basis of the task minus rest analysis of var- 
tance. Thus, the purpose of this model is) only to highlight dirtrerences 
between the two task-related conditions and a resting baseline. The 


direction of these differences, if they are found, is unknown. 


Trialel sand [rial 2. =AcCcCoOnding to Tables q, 4, Ss, = andrc, cueregwere 
neither significant main effects nor significant contrasts for the Grade 
3 subjects. Accordingly, there were no statistically significant differ- 
ences both between and within reading and drawing conditions with the rest- 


ing baseline (eyes open) subtracted from each task. 


Grade 6 Results 


The alpha amplitude means for the task minus rest ANOVA's of Grade 6 
subjects are presented in Table 17. Also, significant differences between 
means using the Scheffe' multiple comparison method are displayed in Table 
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AVNEVS) JL 7/ 
Mean EEG Alpha Amplitudes (microvolts) 
of Grade 6 Students (Task Minus Rest) 


a ee eee ee eS ee ee 
Left Hemisphere Right Hemisphere 
Reading Group (n) Read Draw Read Draw 


ainvastecielames 


“este 7 
Low (7) | @a52 | 0.44 | 0.97 0.46 
High (7) 1.49 bi 7 2.09 
TABLE 18 


Significant Differences Using Scheffe' 


Comparisons for Grade 6 Students (Task Minus Rest) 


Mean | | | 2 
Descriptionior Regults Dir Ee DF E PE bevel 
ror ee lees 
Left read right read for low group 1.80 1,24 i280 05 
heft read | right read tor high group 2269 i241 1Loele rod 
Righteread right draw for high group 2216 1,24 Gj 20 ZOD 
Triat 2 
Low read high read on right hemisphere 2200 L728, 12540 “OL 
Low draw high draw on right hemisphere Se) 1,24 8.56 O05 
Left read right read for high group 1.48 1,24 6.89 “U5 
Trial 1. In reference to Table u, a significant main effect for hemis- 
pheres was found, F = 5.03, P = .045. The mean of the left hemisphere 
(lel Ji was lower than that' or the right hemisphere (2°43). Thateis, soreater 


difference from a resting baseline was found on the right hemisphere. The 
following contrasts, as reported in Table v, reached statistical signifi- 


Cance: 


ie ett read rignt reade(h = 9.15, 2o= 7.01) 
on Right read>right draw (F = 5.52, P = .03) 
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In other words, the greater difference from baseline found on the Eighe 
hemisphere as compared to the left was largely due to the reading con- 

dition. Also, regarding the right hemisphere, there was greater differ- 
encesfirom resting for reading than for drawing. Finally, the first sig- 
nificant contrast (above) was found for both groups, whereas the second 


was found only for the high group (see Table 18). 


Trial 2. The main effect for the group factor reached statistical 
Significance, F = 10.77, P = .01. Accordingly, the mean for the low 
reading group (0.60) was significantly lower than that for the high 
group (1.91). This finding would indicate that a greater difference 
from baseline existed for the high group vis 2 vis the low reading group. 
SUNIMaLTyRCONELasSts are recorded) in Table x (Appendix EB). SStatisticaliy 


Significant contrasts are as follows: 


F Lowecigne< tiigneritgnt (Fe LO ol, (Pa 02003)%, 
haghwlete<high sight (P= 5°03, RP =-90.045);, 
low read< high read (E = 704, 2 = OL) , 


RES (wey Sa) 


left read <right read (Po=)4246, P = 2045)- 


On the right hemisphere, the low reading group displayed less difference 
from baseline resting than the high group. Within the high group, the 
right hemispheric recordings were different from baseline to a greater 
degree than the left hemispheric recordings. During reading, the low 
group differed from baseline less than the high group and recordings from 
the left hemisphere showed less difference from baseline than those from 
the right. As presented in Table 18, the results from Finding 1 (above) 
were found for both tasks but Finding 4 was confirmed for only the high 


group. 
Summary of Results (Task Minus Rest Model) 


While main effects, contrasts, and individual comparisons for the 


Grade 3 data failed to reach statistical significance, some statistically 
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significant results were secured for the Grade 6 data. In general, sig- 
nificant main effects were found for the hemisphere factor and the group 
factor. These findings would indicate that greater difference from the 
baseline resting condition was found on the right hemisphere vis a vis 

the left and for the high group vis 3 vis the low group. According) to 
Table 17, the greatest difference from baseline occurred on the right hem- 
isphere during reading for the high reading group (a mean value of 4.00 
for Trial 1 and 2.97 for Trial 2). Since the task minus rest measures are 
absolute values, comments on the direction of the differences would be 
inappropriate. However, for the Grade 3 subjects Hypothesis la, lb, and 
2a posit that no differences will be found and, therefore, these seem to 
be confirmed by the data. Hypothesis 2b was not confirmed. Regarding 

the Grade 6 data, the only hypothesis that would receive confirmation 


from the data is Hypothesis 3a. 


Discussion of the results reported in the present chapter will be 
addressed in the next chapter. A major objective will then be to relate 
the present results to the hypothetical construct of hemispheric special- 
ization. “in saddition, both theoretical and practical implications s.or 


further research will be suggested in the chapter to follow. 
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CHAPTER V 


DISCUSSION AND IMPLICATIONS 


i223 


we) 


The purpose of the present chapter is to propose general interpre- 
tations and implications from the study. Regarding interpretations, 
the main objective is to compare and contrast the results with the notion 
of hemispheric specialization; particularly as it may relate to reading 
ability.Regarding implications, a number of directions for further re- 
search will be suggested. Here the major focus will be on the interac- 
tion between theoretical constructs and applied research. The objective 
is to determine how the present study could be extended in terms of ab- 


stractions and operations. 
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DISCUSSION AND INTERPRETATION OF FINDINGS 
The General Model (Grade 3) 


Two overall findings are of interest. First, the left hemisphere was 
generally more activated than the right. A feasible interpretation of 
this finding may be that the left hemisphere is engaged more by school- 
related tasks than the right. In other words, perhaps linguistic-related 
activities are stressed more than nonlinguistic related activities by the 
school and, as a result, students learn to use their left hemispheres more 
than their right hemispheres. Moreover, analytic-sequential ouecaseine 
May receive greater emphasis than holistic-simultaneous processing A sec— 
ond major finding was that greater activation was displayed for the rest- 
ing condition than for either the reading or drawing conditions. This find- 
ing was opposite from that expected. A partial explanation is that chil- 
drenesdia= noepactually. rest during the resting condition. Most of the chil— 
dren stated that they felt the resting condition was the hardest and that 
it bordered on the edge of the impossible. Hence, children may have been 


MNaOweRcOms think Of mOothing . 


Although statistically significant differences between reading and 
drawing on each hemisphere were not found, it may be instructive to exam- 
ine the direction of the nonsignificant differences displayed. Notice 
that low readers seemed to activate the left hemisphere more during read- 
ing than drawing in comparison to the high reading group (Table 8). An 
overuse of the left hemisphere during the initial stages of reading acqui- 
sition may be dysfunctional (see Bakker 1979b). On the right hemisphere, 
high readers were consistently (both trials) more activated during drawing 
than reading. This finding is in congruence with and would offer mild 
support for Hypothesis 2b, which stated that good readers would be special- 
ized in processing nonverbal information. With respect to low readers, the 
right hemisphere was more activated during drawing than reading for Trial l, 
only. Regarding Trial 2, the right hemisphere was equally activated during 
reading and drawing. Therefore, the results from Trial 2 are in accordance 


with Hypothesis lb (i.e. no specialization for nonverbal tasks). 
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Tea conclusion, considering the direction of the amplitude measures (not 
Statistically significant), partial support for Hypothesis lb and 2b can 
be gleaned from the results. In addition, Hypothesis la and 2a were con- 
firmed but Hypothesis la is suspect since the direction of the difference 
between reading and drawing on the left hemisphere for low readers is 
relatively large; although not statistically significant. Again, conclu- 
Sive evidence of hemispheric specialization as predicted is lacking for 


both the low and the high reading groups. 
The General Model (Grade 6) 


A consistent (both trials) overall finding for Grade 6 students was 
that the low group displayed greater activation during the experiment than 
the high reading group. A plausible interpretation of this finding is 
that, in general, the low group may have had more difficulty with the three 
Easkto se Pnus, ocie lowagroup would have had to expend more cognitive energy 
in order to complete the tasks. A significant interaction effect was found 
for hemisphere X task. That is, the left hemisphere of the subjects was 
more activated than the right during reading and resting. Again, perhaps 
elementary school instruction makes greater demand on the left hemisphere 


than the right. 


Turning now to comparisons between reading and drawing for each hem- 
isphere, no significant differences were found: This finding would lend 
SUppOLE to Hypothesis 3a (mo ditterence im aipha amplitude between sreading 
ancecrawing yout it would notucontimm Hypothesis (3b). 4agand si) Seeticretore, 
it may be instructive to examine the data presented in Table 10 to deter-— 
mine if the direction of the amplitude comparisons are, in co aS expec— 
ted.asin reference £0 Hypothesis 35, the direction of Che amplitudes dit— 
ferences between reading and drawing iS according to expectation. That 
is, the low group did show more activation during drawing than reading 
on the right hemisphere but the finding is not statistically significant. 
Since the direction of amplitude differences between reading and drawing 
on the left hemisphere of high readers is inconsistent from trial 1 to 


trial 2, no interpretation can be made regarding Hypothesis 4a which 
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states that alpha amplitude measures for reading will be less than those 
for drawing. The hypothesis is clearly not confirmed by the results. 
However, the direction of the difference between reading and drawing on 
the right hemisphere is, in fact, in accordance with expectation 
(Bypeotnesis 4b). That 1s, high readers engaged the right hemisphere 

more during drawing than reading but this finding did not attain statis- 
tical significance. In sum, although conclusive evidence for the notion 
of hemispheric specialization is lacking for Grade 6 students, if it does 
exist then it is more likely to be found for spatial tasks than for ling- 


uistic tasks. 


Summary Interpretation of Results from the General Model 


A number of conclusions can be summarized regarding the differential 
involvement of the hemispheres and conditions for the low and high read- 
ing groups. First, subjects at both grade levels displayed more activa- 
tion on the left hemisphere than on the right. Secondly, the Grade 6 
low reading group displayed more activation than the high reading group. 
Thirdly, conclusive evidence for hemispheric specialization of subjects 
for both grade levels is lacking. Fourthly, regarding the direction of 
differences between reading and drawing, mild support for Hypothesis 2b, 
3b; “and’=4b can be gleaned from the results. However, in the “absence of 
Statistical significance; such fa ‘conclusion Sis Go lbe interpreted with 
great caution. “Obviously, interpretations regarding "thesditierence ¥be= 
tween low and high reading groups are not warranted on the basis of the 
results, “Since similar nonsignificant results were cbtained “fromthe 


composite model (trial l=plus trial’2) /-1twill not berdiscussed, 


The Task Minus Rest Model 


Gradewo uw statistically silcnitieantedlirerencess were note founds con 
either main effects or interactions for subjects at the Grade 3 level. 
Also, since the absolute value of the difference between reading or draw- 
ing and resting was calculated, comments regarding the direction of the 
difference between reading and drawing (i.e., more or less cognitive 


activation) cannot be made. However, one can speculate on which tasks 
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(reading or drawing) produced a greater or lesser shift from baseline 
resting. In reference to Table 16, it can be seen that on the left hem- 
isphere the drawing condition produced a greater shift from baseline for 
both groups. This may suggest that the left hemisphere was more sensi- 
tive to the drawing task than to the reading task but such a conclusion 
is highly speculative. On the right hemisphere, there was virtually 

no difference between the reading and drawing condition during Trial 2. 
For Trial 1, the low group displayed a greater shift from baseline for 
reading than drawing, whereas, the high group displayed the opposite 


pattern. These results are largely uninterpretable. 


Grade 6. In general, results from the Grade 6 task without the 
resting data suggest that a greater shift from baseline occurred for 
the right hemisphere compared to the left and for the high group compared 
tO the Low group. It is conceivable that the right hemisphere was more 
sensitive to or conducive to task requirements than the left hemisphere. 
Also, it is possible that the high reading group was more sensitive to 
neurophysiological changes in response to cognitive challenges than the 
low group. It should be noticed that the right hemisphere displayed 
a Significantly greater shift from baseline during reading than during 
drawing s50r the (nigh reading group on Trial (Table 3) According to 
Table 10, both reading and drawing conditions obtained lower amplitude 
values (greater activation) than resting. Therefore, drawing was more 
highly activated than reading on the right hemisphere of the high read- 
ing group. This speculative finding is in accordance with Hypothesis 
45 and is a sign of hemispheric specialization for nonverbal information 


processing. Further interpretations would be misleading. 


Summary 


If any statements on the relationship between reading ability and 
hemispheric specialization can be made on’ the basis of the results of 
this study, only two appear to have slight credibility. First, Grade 3 


low readers may be specialized for processing verbal information. 
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According to Bakker, this would be dysfunctional =- a premature applica- 
tion of syntactic - semantic strategies (Type 1 dyslexia). Secondly, 
both Grade 6 low and high readers appear to be specialized to process 
nonverbal information. According @ Sele susyel lonley aSSOeiieeas, iciaulSs WS ee 
bewexpected. Hinailly, these conclusions are speculative andy snculdaspe 
interpreted with a great deal of caution. The remainder of this chapter 


is devoted to a disucssion of directions for further research. 
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DIRECTIONS FOR FURTHER RESEARCH 


Hixst theoretical and then practical directions for further research 
will be entertained. The major pursuit here is to suggest how research 
might be extended beyond its present state such that a clearer understand- 
ing of hemispheric specialization may be achieved. It is this interac- 
GlOn between theoretical constructs and applied research that acts as an 


impetus for gaining scientific knowledge. 


Consider the hypothetical construct of hemispheric specialization. 
On the basis of existing research, it would appear that a credible model 
does exist, at least, for normal right-handed adults. What is not known 
is whether or not hemispheric specialization is a developmental phenome- 
non and whether or not it is related to reading problems. To be sure, 
better theoretical formulations are required in these two areas. Hox 
example, hemispheric specialization may be complete at birth, present 
at birth but continually developing, or it may be a secondary manifesta- 
tion of cognitive development. What then are the alternatives for a 
model of reading difficulty based on the oonisenee GE cerebral asymmetry? 
Young children with reading problems may be overspecialized in processing 
verbal information. Or perhaps older children with reading problems are 
overspecialized in processing nonverbal information. A third possibility 
LSethae PoOOrerecacers atwan older age _ are under—specializedying processing 
verbal intormation. rourthly,; 16 may, be tha&, hemisphericyspeciali zation 
is not, elated to reading difficuity. Therefore, it is recommended here 
that more research on the relationship between cerebral asymmetry and 


reading difficulty is necessary to formulate a clear model. 


A number of practical directions for further research in thissanea 
can be delineated. First, subjects selected for research must be of 
varying ages OY longitudinal studies should be undertaken. Secondly, 
it would be beneficial to select subjects at:‘varying levels of intellec- 
tual ability. Following these two suggestions would permit the researcher 


to observe hemispheric specialization across the age- and ability-range 
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of subjects. Thirdly, it is extremely important to subgroup poor read- 
ers on the basis of reading subskill deficiencies. Such a procedure is 
compatible with existing knowledge on reading disability. Fourthly, 

the electrophysiological techniques (frequency analysis and evoked poten- 
tials) are highly recommended to be used for assessment purposes. A 
related suggestion here is that electrophysiological recordings should 

be taken from many cerebral locations for the entire frequency bandwidth 
(1 - 32=cycles per second). In addition, this”must be done during a 
number of verbal and nonverbal cognitive challenges of higher mentation. 
A fifth direction for further research is to use the regional cerebral 
blood flow technique (rCBF) to map the eerie aaa of cerebral activa- 
tion during various cognitive tasks. The rCBF technique is a more direct 
measure, of cerebral function than EEG) techniques; Lastly, at least two 
subject-related variables should be controlled for in these studies -- 
sex differences and handedness. Perhaps further research can, in fact, 
develop a clearer, more accurate model of the relationship between cere- 
bral asymmetry and/reading difficulty. Further research in this area 


seems to be warranted. 


In conclusion, the focus of the present study was on neurophysio- 
logical assessment of reading disorders. On the basis of results from 
existing research studies and=the study presentedsnere,more=theoreti— 
cal and practical work is required in using neurophysiological techniques 
for diagnosing causes of reading problems. This»must be done before 
neurophysiologically-based remediation of reading problems may be pre- 
Sscripea"inereading clinics. Of course, the ultimate, goal is remediacion 
but a number of logically ordered and empirical steps must be taken prior 


tomtnevattainment of that qoalvin) this area of research: 
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LETTER TO PARENTS 


Dear parent (guardian) of 


Enclosed you will find a parental consent form and a statement on 
the purpose/procedures of the research study on reading. Please 
sign the form and send it in the envelope provided. In addition, 
please write down possible dates (June, July, August) that your 
child will be available. The study will be conducted at the 
University of Alberta (Education North, Room 6-136) on evenings 
(after 5:00 p.m.) and on Saturdays. The total time required for 


each child will be about 60 minutes. 


You are invited to bring your child and see the Biocomp computer 
but if you cannot come to the University, transportation will be 
provided torn, your childs Tt you have anyrquescions pleasetee! 
free to call me at 455-7205 (home) or 429-5621, ext. 686 (work). 


Thank you for your interest lin, ehissexci ting, research project. 


Sincerely, 


Dave Mensink 

Graduate Student 
Educational Psychology 
University of Alberta 


P.S. If you would prefer to see the Biocomp before signing the 


consent form, this can be arranged. 
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PURPOSE AND) PROCEDURES OF THE RESEARCH 


PURPOSE: TOVeecerminewir: tchildvenswithereacdingvali ric livercad sia 
different manner than children who do not have reading dif- 
ficulty. And to determine how to teach children with read- 


ing difficulty in the best possible manner. 


PROCEDURES: ue (Theschildrenjwill beginvatedsto,lLookval andes playumwitn 
the measuring instrument. The instrument is called the 
Biocomp and it is a computer which can measure brain 
waves, muscle tension, temperature, and other body 


functions. 


2. Then an elastic headband will be placed on the child's 
head and litthe silver cups will be placed under.the 
headband. | 


3. Next, the child will be asked to read a short passage, 


Ome COV a design, and ucOst eGsenanceciankrolenochiiigs 


4. The children will be asked to read, draw and rest four 
times each. The procedures will last about 60 minutes 


iene Gerla Clas Ihel. 


Childrenswill not® have to Sit esti wduring the Study andy chevy wills oreb= 


ably enjoy their experience with the Biocomp. 
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PARENTAL CONSENT FORM 


iey (parent's name), agree to let my 


ehild, (child's name), participate 


in a research project to be conducted at the University of Alberta by 


David L. Mensink (graduate student) under the supervision of C. T. King 


(Associate Professor). I will bring my child to the University of 
Alberta or allow him/her to be transported to and from the University 


in a vehicle adequately covered by insurance. 


I understand the purpose and procedures of the research project and 
I am fully aware that the procedures will cause no pain or discomfort 
tommy child. i understand thar sf=may *asky the researchers to discuss 
the results with me and that I may request to see a demonstration of 


the Biocomp. 


Signature 


Date 


The University of Alberta 
Faculty of Education 
Department of Educational Therapy 


Area of Special Education 
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Table a 


Pearson correlations between Ability/Achievement and EEG 


Amplitudes during Reading, Drawing and Resting 


Left Hemisphere 
Read Draw 


Right Hemisphere 
Read Draw Rest 


Grader 3) = Trial 1 (n=14) 
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Table b 
Pearson Correlations of EEG Amplitude between Trial 1 


and Trial 2 during Reading, Drawing, and Resting 


Read Draw 
Gretel, Jhosnesteul 2) (Geieaasl ipaeheskeyil 2) 


Left Hemisphere Oo ae moOLoes © Soorss 


Right Hemisphere _749*** 


Rest 
(these ileal a) 


Left Hemisphere 


Right Hemisphere 
Grade 6 
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Table c¢ 
Pearson Correlations of EEG Amplitude between Left and Right 


Hemispheres during Reading, Drawing, and Resting 


~ 


Read Draw Rest 
Grade 3 (n=14) (Left:Right) (Left:Right) (Left:Right) 


nerenieul 2 
Grade 6 (n=14) 
weal il 5 307 5 BHA -691** 


Trial 2 .097 329 


* P7<,05 
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*** P €.001 


J shirt . : 


a4 
~~ 2 Bee JTS. a 
=e cs | jai aly = : _ -_— 7 
jure igo Omit) it aypoud ; ee : = 
- ae 202 AOR . 
~utetseaA eri aly » Li Se ilee | A =a _ - al 
- idea jehauis : 7 
“~s | pits tee on 
an 
oa 


Table d 


Pearson Correlations of EEG Amplitudes between 


Reading, Drawing, and Resting Conditions 


Grade 3 (n=14) 


Left Left Hemisphere 
Hemisphere 
ie tad 
Read MSO) esese) -945* 
Draw - = f/AAeee 
deals hs 
Read 4 Salers a Owes 
Draw - ptOAsBS 
Grade 6 (n=14) 
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Grade 3 (n=14) 


Right Right Hemisphere 

Hemisphere] Draw | Rest 
Vibenewll al 

Read | .863*** | .534%*s 

Draw = 354 
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Read | ates aytsts po40Kr = 
Draw - oo cise 
Grade 6 (n=14) 
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BIOCOMP 2001 


OUTLINE OF TECHNICAL SPEC'S FOR BIDDING PURPOSES 


i= = Apple If Computer 24K memory 

1 - Biocomp Program Operates sensor, stores, displays infor- 
Mat Lon. 

i" Bioconp Program Capable of making measures on 4 channels, 


choice of 7 different modalities; EMG, EEG, 
PPV, TMP. SCR.- SPR, and HRT (see details 
below) 


2 - Biocomp Telemetric Units Communicate via infra-red light, Range: 
20 feet, line of sight. 


4 - Sets of Elctrodes 1 Plethysmograph, 1 Temperature Probe, 
1 Standard, 3 lead electrode, 1 three 


lead alligator electrode. 


MODALITIES - Any combination of Four, simultaneously. 


EMG = Electromyograph, 4 bands (80-400); (15-100); (80-1000) 
TMP = Temperature Fahrenheit or centigrade 

PPV = Peak Pulse Volume 

SCR = Skin Conductance and Response (GSR) 

EEG = Alpha, Beta, Theta, Alpha-Theta frequency bands 

SPR = Skin Potential and Response 

HR =" Hearne Race 


EMG COMMON MODE REJECTION ] 30db at 60 Hz 
RESOLUTION OF DIGITAL READING 1 part in 4000 
Noise level: Short circuid input 


Os25omuerovoltserMsS ls to L000 hz 
Displays: Simultaneous Graphic and Digital 


8 nv/VEZLOsto W000 Az 


SCALE RANGES: 


O to 30 Mv 4 significant figures eg: 28.42 Mv 10 to 409.5 


Autoranging occurs when input falls below 
or when input exceeds: 

10 Mv 

30 Mv 
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COMMON MODE REJECTION 
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TOO Obwat Loo Hz 


NOISE LEVELS: 

see EMG 

SCALES - Auto Ranging: 
See EMG 

DISPLAYS: 


Digital and Graphic 


III SCR SKIN CONDUCTANCE $ RESPONSE 


Ac Excitation 7 HZ 


Not affected by electrode polarization 
Depart ing2000Fvorstull scale 


Resolution of Digital Readout: 


IV SPR SKIN POTENTIAL AND RESPONSE 


Scales 


Of-sLOOemaLiivOoles: DC 


resolutvonr 1 part in) 4000 of Eull scale 


V TMP 


60.00 to 100.0 deg F; .01 degree F Resolution 
15.56 to 37.77 deg C; .01 degree C REsolution 


VI HRT = Heart Rate 


Timed on alternate beats 
30.0 *torls0*Bpm 
Resolution: 1Bpm 
Transducer: plethysmograph 
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PPV = Peak Pulse Volume 

Oto e LOO millivolts 

Resolution: one part in 4000 of full scale 
Transducer: plythsmograph 


PROGRAMMED FUNCTIONS: 


1 Timer: Records culmutive 
time over measurement sessions 


2 Integrating and averaging functions 
Records 38 averages for each channel 
aq selected) times 7. to, 99 seconds 
4 Variance = squared 
Standard deviation 
Calculated and recorded for each of the above items 


SOUND 


Musical half tones change at resolution level 
Major 3rd and Major 5th tones differentiate threshold levels 


POWER 
All Biocomp modules that are in electro-physical contact are battery 
operated 1 6 volt 1 amp Hr Storage battery in each Tranceiver module 


by computer power 


Operating time: 10 Hrs/charge, one battery on charge 
other is being used. 


Computer power 115V + 10% 50 - 60 Hz for Apple Computer. 


No physiological electric contact between subject and computer. 


TELEMETER : 

Infrared frequency modulated 100 + JO Khz deviation 
Max Range 20' 

60° off axis Range: 10' 

Two way digital data Transmission 


MONITOR: 


Standard color television receiver 
not supplied 
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DIMENSIONS 

Computer Apple II 

Sizer eel oe Wawel On OC aE tour 
Keyboard size; 10" w x 3 3/4" 
Welght;) (12 1bs- 


BRIS GAR 


Seco ee Olio ewex roms (ede xe oma 4. 
Weight lbs. 


Telemetric Units: (2) 


Size: 3 1/8" wx5 7/8" ax 2"h 
Weight; 1 lb. 


Sensor: 


Size eset oO awk, 5s 7 ou ena ety 
Weight; ]2 oz's 


Overall shipping weight: 


Approximately 30 lbs. 
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STIMULUS MATERIALS 
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GRADE 3 READING SAMPLE 


How Percival Caught the Tiger 


Percival Summers went to the jungle to trap wild animals for the 


circus. He had some brave jungle boys with him. 


One day they were walking through the jungle looking for tracks of 


wild animals. 


All at once Percival saw a tiger. 


The tiger saw Percival. 


Percival was so scared he jumped right out of his shoes. 


The boys and Percival ran as fast as they could until they were out 


of danger. Then they sat down to think. 


Percival thought and thought. He wanted to catch that tiger. 


He called his brave boy Joe and said, "What in all this world do 


tigers like best to eat?" 


Joe thought and thought. 


At fast he Said, “The things’ that. tigers like best in all this world 


are baked sweet potatoes covered with brown sugar and butter." 


Percival was very much surprised. 


He sent two boys to a faraway village for a big basket of sweet 


potatoes. The others made a cage with a big trap door ins the top. 
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When the boys came with the sweet potatoes, Percival baked them all. 
When they were done, he cut them open and put a stone inside each one. 
Then he closed them again so they would look all right to the tiger. He 


covered the potatoes with brown sugar and butter. 


Percival and his brave boys went to the jungle. They carried the 


cage, the sweet potatoes and a long rope. 


They put the sweet potatoes where the tiger would be sure to find 


them. 
They waited. 


Pretty soon they heard the tiger roar. He sniffed the sweet potatoes 


and began to eat them. 


He was in such a hurry he swallowed them whole and never knew there 


was a stone in each one. 


His body began to hang down and down, until it was hanging right down 


on the ground, because he was so full of whole sweet potatoes and stones. 


The tiger was so full that he couldn't move or turn around. Percival 
and his boys could go near him without danger. They tied his back legs 


Bogetheriwithethe longaroperand threwrone end overia branch or a tree. 
They. pulled himsinto,thesair.».The tiger jdidnjtelikepthat.. BHe Kicked 
and. kickedseuhtil.the branch »was; about, to break., Stones) fell-from his 


mouth. They fell and fell until the tiger was empty again. 


The brave jungle boys got the big cage, let him down into it, and 


closed the door. They named him Sweet Potato and sent him to the circus. 


That is how Percival caught the tiger. 
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GRADE 6 READING SAMPLE 
Blast-off 


"All hands! Acceleration stations - prepare to blast off." I went 
back to my couch and the stewardess made sure that we were all strapped 
down. She cautioned us not to unstrap until she said we could. She went 


down to the deck below. 


I felt my ears pop and there was a soft sighing in the ship. I 
swallowed and kept swallowing. I knew what they were doing: blowing the 
natural air out and replacing it with the standard helium-oxygen mix at 
half sea-level pressure. But the woman - the same one - didn't like it. 


She said, "Joseph, my head aches. Joseph, I can't breathe. Do something!" 


Then she clawed at her straps and sat up. Her husband sat up, too, 


and forced her back down. 


The Bifrost tilted over a little and the speaker said, "Minus three 


minutes!" 
After a long time it said, "Minus two minutes!" 


And then "Minus one minute!" and another voice took up the count: 


"Fifty-nine! Fifty-eight! Fifty-seven!" 

My heart started to pound so hard I could hardly hear it. But it 
wentsons § “9— Thirty-five! eihirty—rour! eThirty-chreci@ihinty-Cwoletaiecy= 
one! Half! Twenty-nine! Twenty-eight!" 
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And "Nine! Eight! Seven! And six! And five! And four! And three! 


And two -" 
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t never did Nhearsthemecay one Mor eatireaswor whatever they said. 
About then something fell on me and I thought I was licked. Once, explor- 
ing a cave with some fellows, a bank collapsed on me and I had to be dug 


out. It was like that - but nobody dug me out. 


My chest hurt wy” My “cibs seemed about to breaks I ¢couldn's lite a 


finger. I gulped and couldn't get my breath. 


I wasn't scared, not really, because I knew we would take off with 
a nigh g, but E was awfully uneomfortable. ~I managed to turn my head a 
little and saw that the sky was already purple. While I watched, it 
EPurned blackvand) the stars came out, millions of Stars. ~Andgyer the oun 


Wasa sul ll streaming In) through the port. 


The roar of the jets was unbelievable but the noise started to die 
out almost. atjonce vand soon you couldnt hear 1G at all. They say che 
old ships used to be noisy even after you passed the speed of sound; the 


Brerost, was not. | Lt gol astquiet as they inside oL a bagror feathers. 


There was nothing to do but lie there, stare out at the black’ sky, 


try to breathe and try not to’ think about Che weight) Sitting on you~ 


And then, so suddenly Ghat 16 made yourg stomach Curn £lip-flops,, you 


didn't weight anything at all. 
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SUMMARY ANOVA AND CONTRAST TABLES 
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Summary of 2x2x3 ANOVA 


Source of Variation 


Between Subject 
A 
Subj. w. Group 
Within Subjects 
4 B 
AB 
Bex Subs .9oWw..Group 


Cc 
AC 
Cox Meloy) o Wo (Exetexbis 


BC 
AC 
BC.x% Subj.) w. Group 


Table e 
(General): 


Grade 3 - Trial l 
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A = Group (low and high readers) 
B = Hemisphere (left and right) 
C°= Task (read, draw, rest) 
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Summary of Contrasts (General): 


Low Left e="Aigh Lett 
LOW eReGQnG = Big Right 


Low ebeLt— Low Rignt 
High Lerts— High® Right 


LOW 
LOw 
LOW 


LOW 
LOW 
LOw 
High 
High 
High 


Left 
Left 
Left 


Left 
Left 
Left 
Left 


Read 
Draw 
Rest 


Read 
Read 
Draw 


Read - 


Read 
Draw 


Read 
Draw 
Rest 


Read 
Read 
Draw 
Read 


High Read 
High Draw 
High Rest 


Low Draw 
Low Rest 
Low Rest 
High Draw 
High Rest 
High Rest 


Right Read 
Right Draw 
Right Rest 


Left Draw 
Left Rest 
Left Rest 
Right Draw 


Right Reade Rignt Rest 
ROME Oraw, — Right Rest 


Table f 
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Table ‘g 


Summary of 2x2x3 ANOVA (General): 


Source of Variation 


Between Subjects 
A 
Subj. W. Group 


Within Subjects 
B 
AB 
BxSub ys W. ‘Group 


Cc 
AC 
Ox Sula). We. Gieorbis 


BC 
AC 
BOX Subp] eee eGEOUP 


Grade 3 - Trial 2 
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Cone 


rasts 


Low Left - High Left 
Low Rignt = High Right 


Low Lett i-— Low iRight 
HighsLerte —siigh Right 


LOW 
LOW 
LOw 


Low 
LOW 
Low 
High 
High 
High 


Left 
Left 
Left 


Left 
Left 
Left 


Right Read - Right Draw 
RIigneeneaGn— Ridnu Rest 
RigGnit Draw — Right Rest 


Read 
Draw 
Rest 


Read 

Read 

Draw 
Read 
Read 
Draw 


Read 
Draw 
Rest 


Read 
Read 
Draw 


High Read 
High Draw 
High Rest 


Low Draw 
Low Rest 
Low Rest 
High Draw 
High Rest 
High Rest 


Right Read 
Right Draw 
Right Rest 


Left Draw 
Left Rest 
Left Rest 


Table h 


Summary of Contrasts (General): 
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Table i 
Summary of 2x2x3 ANOVA (General): 


Grade 6 - Trial l 


Source of Variation 


Between Subjects 
A 


subj. W. Group 


Within Subjects 
B 
AB 

BX Subj. W. Group 


0.08 
TES) 


(e 
AC 
Croup]. W. Group 


BC 
AC 
BEX Subs. Wi. Group 


A = Group (low and high readers) 
Hemisphere (left and right) 
Task (read, draw, rest) 
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Contrasts 


Low Lett = High Left 
Low Right - High Right 


Low Left = Low Right 
High hele — high Right 


Low Read 
Low Draw 
Low Rest 


Low Read 
Low Read 
Low Draw 
High Read 


High tRead, 


High Draw 


Left Read 
Left Draw 
Left Rest 


Left Read 
Left Read 
Left Draw 


Right Read - Right Draw 
Right Read — Right Rest 
Righe Draw — Right, Rest 


High Read 
High Draw 
High Rest 


Low Draw 
Low Rest 
Low Rest 
High Draw 
High Rest 
High Rest 


Right Read 
Right Draw 
Right Rest 


Left Draw 
Left Rest 
Left Rest 


Table 7 


Summary of Contrasts 


(General): 


Grade 6 - Trial 1 
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Table k 
Summary of 2x2x3 ANOVA (General) : 


Grade 6 - Trial 2 


“Source of Variation DF MS F 
Between Subjects 13 
A ui 147.47 URE 
Subj. W. Group 1? MGS bs Sh) 
Within Subjects 70 
B il US) 
AB it 0510 
BX subjs W., Group a2 
(e 2 Ler 
AC 2 O26 
CX Subj. W. Group 44.30 24 aos 
BC Spe ah 2 2525 i. @ 
AC 9720 z 4.60 298 
BCX Subj. W. Group Sy Ks 24 Dee 
A = Group (low and high readers) 
B = Hemisphere (left and right) 
C = Task (read, draw, rest) 
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Contrasts 


Low Left - High Left 
bow, Ragnt.— High Right 


Low Left — Low Right 
Hag) Tete =-~High Right 


Low Read 
Low Draw 
Low Rest 


Low Read 
Low Read 
Low Draw 
High Read 
High Read 
High Draw 


Left Read 
Left Draw 
Left Rest 


Left Read 
Left Read 
Left Draw 


Right Read - Right Draw 
Right Read — Right Rest 
Rignueslsaw — Right Rest 


High Read 
High Draw 
High Rest 


Low Draw 
Low Rest 
Low Rest 
High Draw 
High Rest 
High Rest 


Right Read 
Right Draw 
Right Rest 


Left Draw 
Left Rest 
Left Rest 


Table 1 
Summary of Contrasts (General): 


Grade 6 = Trial 2 
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Table m 
Summary ‘Of 2x2x3. ANOVA (Triaalel plus Trial 2): 


Grade 3 


source of Variation DF MS F 
Between Subjects PS 
A i OL Sy. 0.03 
Subj W. Group LZ Ga 7S 
Within Subjects 70 
B ay 26.41 4.30 
AB 1 0.47 0.08 
BXpouby...W.. Group TZ 6.15 
C ODO Zz 4.75 4.49 
AC ives 2 OF69 0.65 
CX Subj. W.. Group Zoees 24 1.06 
BC 0.54 2 Oe27, 0.42 
AC Leo 2 0.69 1.06 
BCX Subj. W. Group 15.43 24 0.64 
A = Group (low and high readers) 
B = Hemisphere (left and right) 
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Table n 


Summary Of Contrasts .(Triali splus Trial 2). 


Grade 3 
Mean Mean 
Contrasts Distt. Sgr DF1 DF 2 F P 
LOwWebere:— High Lert 11.45 ae 24. 0.60 OneL 
Low Right. - High Right 11.45 Hie 24. 0.00 0299 
Low Left - Low Right opens is aa DATE OAs 
High Lett — High Right eyeis i ea ehh O23 
Low Read - High Read Sr29 ies Shey 0.14 GOL 
Low Draw - High Draw Se45) Le 30m Oe27 O61 
Low Rest - High Rest Seas) i D6 0.06 OasL 
Low Read - Low Draw . 06 2 a(e)s} 0.88 
Low Read - Low Rest . 06 70" OF 20 
Low Draw - Low Rest . 06 14 OsL6 
High Read - High Draw .06 bs igh UsoL 
High Read - High Rest 06 noe 0.01 
High Draw - High Rest . 06 220 OROOS 
Left Read - Right Read O01 
Left Draw - Right Draw Q203 
Left Rest — Right Rest O207 
Left Read - Left Draw -0.20 O35 i. 48. Oss Osa7 
Left Read - Left Rest 0.46 Oe85 ake 48. Lew2 O'220 
Left. Draw - Left Rest 0266 0.35 Le 48. 3256 0307 
Right Read - Right Draw -0.01 One85 aly 48. 0.00 Ono7 
Right Read — Right Rest Deo O285 le 48. Seis O702 
Right Draw — Right. Rest 0.86 Oe85 lee, 48. eye) OeO2 
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summary Of 2x2x3 ANOVA (Trial 1T plus Trial 2): 


Source of Variation 


Between Subjects 
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Draw 


Read 
Draw 
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Summary of 2x2x2 ANOVA (Task minus Rest): 


Source of Variation 


Between Subjects 
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Subj]. W. Group 
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BX Subj. W. Group 
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ey) 
88 
Sy 


06 
06 
o2 


iF 
oo 

eo 

OF 0d 

0.43 

yeas) 
ne GS) 
heals) 


Oke 


(=) 


oe 
eu 


185 


al 


ise aviia cory pote. 


ae Par ansaae 
feradven sper te MOTT que adage? — 


(deer WEED Lae a i IM Aer — 


186 


Table x 
Summary of Contrasts (Task minus Rest) 


Grade 3 - Trial 1 


Mean Mean 
Contrasts Dini. DFL DF2 F P 
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Summary of 2x2x2 ANOVA (Task minus Rest): 


Source of Variation 


Between Subjects 
A 
Subj. W. Group 


Within Subjects 
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BX Subj. W. Group 
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Table t 
Summary of Contrasts (Task minus Rest): 


Grade 3 = Trial 2 


Mean Mean 
Contrasts Distay Sais DF1 DF2 F P 
Low Left - High Left -0.47 2.04 24. 0276 0239 
Low Right - High Right On3:3 2.04 24. O.37, O55 
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Low Read - High Read 
Low Draw - High Draw 


Low Read - Low Draw 
High Read - High Draw 


ons) 
SN 
© © 
ee fee|ee fee ee fer 
HH 
Ne 
oye) 
ON 
Pos 
Sy ie) 
oO OV 
Nw 


Left Read - Right Read O74 24. Te25 O=Zs 
Left Draw - Right Draw O74 Dial ORZS O62 
Left Read - Left Draw Ono Bal. 0.46 Oseal 
Right Read - Right Draw OO ORG: 24. 0.0 1700 


inne - 


Summary of 2x2x2 ANOVA 
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Summary of Contrasts (Task minus Rest): 
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Summary of 2x2x2 ANOVA (Task minus Rest): 


Grade 6 - Trial 2 
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Summary of Contrasts (Task minus Rest): 
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Name: Age: Sex: M F 


LATERALITY SCALE 


Hand Preference: 


ais Write with pencil L R 

Bie throw a ball L R 

SF Wind a watch L R 

4. Hammer a nail L R 

an Brush teeth L R 

Gs Comb hair L R 

Tes Open door L R 

8. Cut with scissors L R 

Se Spread butter on bread L R 

LO% Open a box L R Left Right 
Foot Preference: 
Li Kick ball i R 
Zi. Step from chair L R 
eI Hop on one foot L R Left Right 
Ear Preference: 
14. Listen to watch L 
3s Put earphone in ear L R 
AK Sy Put telephone to ear L R Left Right 
Eye preference: 
Lis Look through telescope L R 
Low Look with one eye L R Left Right 
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